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Four hundred seventy-five air miles-825 actual land 
miles-over the Arctic pack ice. Forty-four days on 
a frozen sea with temperatures down to 63° below. 
Finally: the Pole, Collins' KWM-2 furnished reliable 
communications every rug¬ 
ged mile of the Plaisted 
Polar Expedition. Just an 
example of the KWM-2’s COLLINS 

reserve performance and 
rugged dependability. 
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Its that simple! There is nothing else un the market comparable to the 260 
Look what you get for $395*00. 
ft Complete frequency coverage oil 
ft Built in power supply . . . A( 
complete with handle, built-in spea 
same rugged ness, reliability and era 
name the world over. 

And coming very soon will be another star in the Swan line, the 270 deluxe. 
Everything that the 260 has, plus many additional features for those who can pay 
a little more. The 270 will sell for $495.00* still a low price for a complete station 

And il you need an antenna* Henry Radio can make that a simple matter with its 
cost saving Antenna Package Program. 

We know its hard to believe* but come on in to a Henry Radio Store lor a demon- 

give vou more in forma 
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Stratton, it you can t come in * * 
don* terms* and will ship anyvv Ire re 

EASY FINANCING * 10% DOWN OR TRADE-IN DOWN * NO FINANCE CHARGE IF 

RAID IN 90 DAYS * GOOD RECONDITIONED APPARATUS * Nearly oil makes & models 

Our reconditioned equipment carries a 1 5 day trial, 90 day warranty and may be traded back 
within 90 days tor full credit toward the purchase of NEW equipment. Write for bulletin. 

TED HENRY { W6UOU ) BOB HENRY { W0ARA ) WALT HENRY (W6NRVJ 
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Butler Missouri 64/30 

11240 W Olympic, Los Angeles, Calil . 90064 

931 N Euclid, Anaheim Calif, 92801 
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Some comments from 
warranty cards 
by owners of 


"The TIM is the best tig 1 have ever 
known to be made. Glad to own one." 

Dari Tango fra, WA7FWH 
Tacoma, Wash. 

"Finally got what t wanted!" 

Ronald E. Lyons, WB2BQX 
Oakhurst, N, J. 

"A superb piece of equipment, no 
comments necessary, 

C. G. Noakes, G3UHR/VG2 
Labrador City, Newfoundland 

"Great rig—First contact was an GNS 
In Belgium," 

Bill Busse, WA9TUIYI 
Ml, Prospect, III. 

"Best gear I have had the pleasure of 
working with. Receiver Is exception 
ally sharp and stable," 

Albert V. Mitchell. WAfBUP 
Jeffersonville, Snd. 

"Nothing to comment, except that my 
TR 4 is a real jewel, and I am very 
satisfied with it. ! would like to re¬ 
ceive the catalogue of your products," 

loe Braz Ribeirq, PY4UK 
Monte Carmeio (MG) Brazil 

"A very F B. piece of equipment. Audio 
very nice, especially on SSfl, which is 
rare.' 1 

Thomas F r Totten, Jr. WB2GZR 
Saratoga Springs, N. Y. 



"Running It with a Mosley "Classic" 
beam and proves a most fine and nice 
transceiver. Really proud of It," 

Orlando Escudero 0., CE3-0E 
Santiago, Chile 

"Looks good-sounds good-very well 
pleased with performance." 

Wayne M. Sorenson, WA0ETL 
St. Paul, Minn 

"Have had Drake 2 B for three years. 
Knew that TR 4 was same Good Stuff," 

Charles E, Bishop, WA8FTT 
Columbus, Ohio 

"Just what I always wanted." 

Daniel N. Hamilton, WA4WXQ 
Ashland, Va. 

"Why not build a good 6 Meier SS8 & 
AM Transceiver . . , hurry up, I'm 
waiting," 

Harold A. Zick, WA4IP2 
Creve Coeur, III. 

"Excellent equipment." 

W. T, Newell, WBGUZtl 
Palm Springs. Calif, 

"O K, 100 X IDO, MM: 0X/W-4: OX/ 

L-4; OX Very Good!" 

Franscisco Fau Campmany, TI-2-FAU 
San Jose de Costa Rita 

"A beautiful piece of equipment. My 
second piece of Drake, The first was 
a 2-B and this sold one Iriend an R-4 
receiver ana another a TR 4, We are 
Drake-minded here in town. Many 
thanks." 


"I'm sure this, like the other Drake 
equipment I have, is the finest money 
can buy. YOU MAY QUOTE ME ON 
THAT," 

C. E. (Ed) Duncan, WA4BRIJ 
Greenville, S. C. 

"I'm a real happy man with it. Does a 
real good job of getting thru," 

Jerome D Lasher, W2RHL 
Hamburg, N. Y. 

"Replaces my TR 3," 

D. G Reekie, VE 6 AFS 
Calgary Alberta Canada 

"Finest performing gear I have ever 
had the pleasure of operating.” 

Milton C, Carter, W2TRF 
UMewood, N.J, 

"PS Several! months have passed , , . 
I now employ TR 4 as mobile unit and 
base station, f have logged more than 
1000 contacts, many being rare OK, J 
am looking forward to owning a second 
unit to bo used strictly for mobile. 
To date TfM has been trouble-free." 

Milton C, Carter, YV2TRF 
Lakewood. N, J. 

"Well pleased." 

Rev. James Mohn, W2CKP 
Li tit/, Pa, 

"I am delighted with Drake gear. This 
is the second of your transceivers for 
me. I have used a TR-3 in my car for 
about 2Vi years-only trouble: replac¬ 
ing a fuse!" 

Guy N. Woods. WA4KCN 
Memphis, Tenn, 


Charles E, Boschen Jr„ WA4WXR 

Ashland, Va* 


“AsA the ham who owns a Drat{e TR'4” 

,,. or write for details ,,. 


Dept, 458 R. L. DRAKE COMPANY 540 Richard St., Miamisburg, Ohio 45342 
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a second look 





If you were asked to generate a generous 
amount of rf power you'd probably ask, "at 
what frequency?" For the high frequencies, 
it would be transistors or vacuum tubes; at 
vhf you could add varactors. For microwave 
you would tend to think in terms of large 
klystrons, magnetrons ... or semiconductors 
that use drift time in their operation such as 
klystrons use transit time. 

The first of the semiconductor devices to 
actually work was built by Ian Gunn at IBM 
in 1963. In the basic Gunn-effect device, a 
simple wafer of n-type gallium arsenide— 
without junctions—generates microwaves di¬ 
rectly when a voltage is placed across it. 
When a constant voltage is applied to the 
material, the current through it fluctuates 
wildly at an extremely rapid rate, although 
somewhat randomly; however, if the semi¬ 
conductor wafer is thin (about 0.005 inch or 
less) the current no longer fluctuates in a 
random fashion, but rises and falls in a cyclic 
way. Presto: microwave energy. 

The fundamental frequency range of Gunn- 
effect oscillators is 5 to 35 GHz, although the 
Gunn device is not a narrow band gadget. On 
the contrary, the frequency is governed by 
the circuit. The active semiconductor material 
has a natural resonant frequency, so if it is 
imbedded in a completely resistive load, it 
will oscillate at its natural frequency. If the 
material is connected into a tuned circuit, it 
is possible to change the frequency and pro¬ 
vide essentially a widely tunable oscillator. 

What about power output? Not too bad; 
there are continuous-wave Gunn oscillators 
available which provide nearly a half a watt 
at 10,000 MHz. If you are willing to go to 
pulse, you can obtain about 50 watts at the 
same frequency with increasing amounts of 
power as you slide down the spectrum, going 
up to a kilowatt or so at 5000 MHz. 


If you think the Gunn-effect device sounds 
interesting, consider one of the other micro¬ 
wave-generating diodes. The avalanche type 
or IMPATT diode (for IMPact Avalanche 
Transit Time) is just one; IMPATT diode os¬ 
cillators operate because of a negative re¬ 
sistance that results from a combination of 
internal secondary emission and bunched 
current carriers (electrons and holes) that 
drift through the solid-state material and de¬ 
liver rf power by causing an external circuit 
current 180° out of phase with the applied 
voltage. The main disadvantages of IMPATT 
devices are high noise and low efficiency— 
on the order of 5%. The CW output powers 
of IMPATT diodes are slightly higher than 
Gunn devices and pulse powers are about 
the same. 

Although these diodes are bound to whet 
your appetite for more information, there is 
one device that is even more interesting; 
silicon avalanche diodes have been built that 
have several hundred watts output in the 400 
to 1250 MHz range! Results are so good they 
do not agree with theory for these devices 
so they are called—most appropriately— 
anomalous diodes. As an example of a device 
of this type, at a frequency of 425 MHz, the 
output power was 435 watts with a 164-volt 
supply at 12 amps. This represents an efficien¬ 
cy of 22%, low by vacuum-tube standards, 
but the same diodes oscillated at 10,000 MHz 
(in the IMPATT mode) with their ordinary 
efficiencies of less than 5%. 

So far I haven't mentioned cost—for good 
reason—it's high; so was the varactor when 
Sam Harris described the first practical para¬ 
metric amplifier ten years ago, but that didn't 
stop interested amateurs from getting de¬ 
vices for their own experiments. 

Jim Fisk, W1DTY 
Editor 
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Ted Henry / 

needed a 

rugged linear 

triode. 

. So 
he came 

to us. 


Two rugged Eimac 3-5G0Z high-mu triodes 
are featured in Henry Radio's new 2K-3 
linear amplifier. Henry designed the ampli¬ 
fier around versatile Eimac power tubes 
because these popular triodes are ideal 
for grounded-grid operation at the 2 kW 
PEP SSB input level, and at the 1 kW 
DC input level for CW, AM and 
RTTY. Users of this new Henry rig 
will enjoy a conservative plate dis¬ 
sipation rating of TOGO watts for 
year-in, year-out reliability under 
key-down service. Henry's choice 
should be your choice, For more 
information on the 3-500Z and on 
Eimac’s line of power tubes for 
advanced transmitters, write Eimac 
Amateur Services Department or 
contact your nearest 
Vanan/Eimac 
distributor. 

division 

ol vatPiin 




a grounded-grid 
two-kilowatt pep 

amplifier 


This “full-house” linear 

uses a pair 
of 3-500Z’s 
in a highly 
efficient circuit- 

W6SAI 
designs it for you 

and 

explains its operation 
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William I. Orr, W6SAI, Manager, Amateur Service Department 
Eimac Division of Varian, San Carlos, California 94070 


The popularity of the grounded-grid ampli¬ 
fier is well established. This interesting cir¬ 
cuit combines high efficiency, good linearity, 
and minimum expense-three attributes not 
usually found together in one amplifier. A 
quick on-the-air check reveals that an amaz¬ 
ingly large number of amateurs are using 
grounded-grid amplifiers and, judging from 
the robust signals, are having much success 
with them. 

the grounded grid 

To the uninitiated the grounded-grid or 
cathode-driven circuit is puzzling. A sim¬ 
plified sketch of this amplifier is shown in 
f'g. 1- The driving signal is applied to the 
filament, or cathode, and the grid is at 
ground potential, thus acting as a shield be¬ 
tween input and output. When the cathode 
is driven negative, the grid is positive with 
respect to the cathode, and plate current 
flows. The driving voltage is thus added to 
the plate voltage, and the resultant increase 
in power input to the stage appears as feed¬ 
through power in the plate circuit. The plate 
circuit is conventional, being either parallel- 
tuned or the more popular pi or pi-L 
network. 

At first glance it might appear that the 
grid receives no exciting signal. The driving 
voltage is developed between the grid and 
cathode of the tube, and it matters little 
which of these two elements is at ground 
potential. That is to say, the grounded-grid 
amplifier may be thought of as a grid-driven 
amplifier “standing on its head." This is not 
strictly correct, as other factors such as feed¬ 
through power and grid-lead inductance en¬ 
ter the picture. However, if you understand 
the conventional grid-driven amplifier, you 
can understand the grounded-grid amplifier. 
The fact that the grid is at ground potential 
should cause you no distress. 

If a well-shielded triode having a reason¬ 
ably high amplification factor is used in the 
grounded-grid amplifier, neutralizing circuits 
and bulky bias supplies can be eliminated, 
reducing the amplifier stage to the basic es¬ 


sentials needed to make it function properly. 
The new Eimac 3-500Z, and its older com¬ 
panion the 3-400Z, are ideally suited to this 
class of service. They combine the charac¬ 
teristics mentioned above with modest cost, 
providing more watts output per dollar. 

Of interest to the user is that the drive 
requirements of a grounded-grid, 2-kilowatt 
PEP amplifier using a pair of these tubes is 
of the order of the output power level of 
typical amateur exciters and transceivers; 
that is, in the 100-watt PEP region. Bulky and 
expensive power absorbers between amplifi¬ 
er and exciter aren't required. Best of all, 
a portion of the drive power appears as out¬ 
put in the grounded-grid amplifier. This al¬ 
most repeals the ancient law that says “You 
can't get something for nothing." In this 
case, it is nearly true! 

A pair of 3-500Z or 3-400Z power triodes 
will run comfortably at 2 kilowatts input 



fig. 1. The basic grounded-grid amplifier. The driv¬ 
ing voltage, e^, is impressed between cathode and 
grid. The grounded-grid circuit isolates input from 
output and affords good shielding up to 100 MHz or 
so in tubes of the 3-500Z class. 

PEP (1000 watts average power) under con¬ 
tinuous ratings in CW, ssb or RTTY service 
without distress. “Fireman-quick" tune-up 
style, wherein the equipment must be 
tuned up in 30 seconds or less else the 
whole works goes up in a puff of smoke, 
is not necessary. This fire drill may have an 
element of excitement about it, but it can 
result in tube casualties when done in a 
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hurry, or under pressure, as in the closing 
moments of a DX contest. Adequate plate 
dissipation, on the other hand, is insurance 
against catastrophe from operator panic or 
error and provides a comfortable margin of 
safety that leads to equipment reliability and 
lower operator blood pressure. 

two-kw pep amplifier 

The Eimac 3-400Z and 3-500Z tubes are 
air-cooled power triodes designed for zero- 
bias, class-B rf amplifier service. They are 
particularly well-suited for ssb linear ampli¬ 
fier service. Intermodulation distortion prod¬ 
ucts are 30 dB or better below one tone of a 
two-tone test signal for either tube type. A 
comparison of the 3-400Z and 3-500Z 
types is given in Eimac Amateur Service 
Bulletin number 35*. 

A circuit for either the 3-400Z or 3-500Z 
is shown in fig. 2. The tubes are cathode 
driven with grids at both rf and dc ground 
potential. A tuned-cathode network achieves 
an optimum impedance match to the exciter 
and reduces intermodulation distortion to a 
minimum. The plate pi-network circuit is 
suitable for operation on amateur bands be¬ 
tween 80 and 10 meters. Separate meters 
monitor grid and plate current. A VOX- 
operated circuit reduces plate dissipation 
during standby. Power output is better than 
1200 watts PEP on all bands, and driving 
power is about 75 watts PEP. Plate poten¬ 
tials between 2500 and 3000 may be used, 
with reduced output for plate voltages as 
low as 2000. 


fig. 2 (right). Schematic of the grounded-grid linear 
amplifier. RFC1 should be mounted reasonably in 
the clear so that the series-resonant frequency does 
not drop below 23 MHz. Capacitors marked C are 
disc ceramic, Centralab DD-103. Power-line bypass 
capacitors are Centralab DD16-103. 


blower 13 cubic feet per minute at 0.2-inch back 
pressure; use number-3 impeller at 3100 
rpm (Ripley 8472, Dayton 1C180 or Red¬ 
mond AK-2H-01AX) 

sockets Eimac SK-510 socket and SK-416 chim¬ 
ney for 3-400Z; Eimac SK-510 socket and 
SK0406 chimney for 3-500Z 


table 1. Cathode circuit components. 

T1, 10 meters 0.15 jxH. 4 turns number-14 AWG 
enamelled wire on Va" form, Va" long 
(National XR-50 form); parallel ca¬ 
pacitance: 200 pF, 1 kV silver mica; 
resonate to 28.7 MHz 


T2,15 meters 0.15 /xH. Same as T1, resonate to 21.3 
MHz with 470-pF, 1-kV silver-mica 
capacitor 

T3, 20 meters 0.31 ^tH. 6 turns number-14 AWG 
enamelled wire on National XR-50 
form; parallel capacitance: 470 pF, 1 
kV silver mica; resonate to 14.3 MHz 


T4, 40 meters 0.31 /xH. Same as T3, resonate to 7.2 
MHz with 940 pF (two 470 pF, 1 kV 
silver micas in parallel) 

T5, 80 meters 1.3 /xH. 13 turns number-18 AWG 
enamelled wire on National XR-50 
form; parallel capacitance: 940 pF, 
as in T4 


table 2. Plate circuit components. 


the plate circuit 

The amplifier plate circuit may be of sev¬ 
eral forms. The easy and more expensive 
assembly is to use a bandswitching pi-net¬ 
work inductor. The less-expensive but time- 
consuming procedure is to make your own 
bandswitching network from commercially 
available coil stock, copper tubing and a 
heavy-duty switch. Either approach will 
work well, and your choice will probably 
be made on an economic basis. Data for 
either type of circuit is given in the parts 
list, table 2. 

One idea that hasn't been popularized is 
designing the amplifier for single-band oper- 


combination 1 B&W 850A bandswitching inductor 

combination 2 Air-Dux 195-2 pi-inductor 

combination 3 homemade tapped inductor; 80 me¬ 
ters, 13.6 /xH; 40 meters, 6.5 jxH; 20 
meters, 1,75 /xH; 15 meters, 1.0 *xH; 
10 meters, 0.8 /xH 

Combinations 2 and 3 should be tapped and trimmed 
to resonate as follows: 80 meters, 210 pF; 40 meters, 
105 pF; 20 meters, 52 pF; 15 meters, 30 pF; 10 meters, 
30 pF. Inductor should be parallel resonated and 
grid dipped with these capacitance values before 
placement in circuit. For combination 3, the 10-, 15- 
and 20-meter coil should be wound with 3/16-inch 
diameter copper tubing, and the 80- and 40-meter 
coil wound with number-12 AWG wire. 


* Available from the author upon request. 
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Cl 250 pF, 4.5 kV (Johnson 154-16) 

C2 1500 pF (LaPointe Industries, Rockville, 

Connecticut, type J-1500-S-30) 

C3 500 pF, 2500-volt mica (surplus) 

C4 .001 fiF, 5 kV (Centralab 858S-1000) 

C5, C6 .01 pF, 500-V mica (two ElMenco CM-30 

in parallel) 

C7, C8 .001 ^F, 6 to 10 kV (Centralab DD60-102) 

LI, L2 see table 2 

PCI, PC2 three 100-ohm, 2-watt carbon resistors in 
parallel (Ohmite “Little Devil"); three 
turns number 14 spacewound around one 
resistor 

RFC1 100 ju,H, 1A (B&W 800) 

homemade versions: A. 112 turns number- 
26 AWG, spacewound (wire diameter) on 
1" diameter, 6" long ceramic form (Cen¬ 
tralab X-3022H insulator) series resonant 
at 24.5 MHz; grid dip with terminals 
shorted 

B. 136 turns number-20 AWG, 1" diameter, 
4V«" long (B&W 3016 or Air-Dux 832T), 
slipped over varnished wood dowel for 


mounting, series resonant at 25 MHz; grid 
dip with terminals shorted 

RFC2 1.7 n H (J. W. Miller RFC-144 or Ohmite 
Z-144) homemade: approximately 20 turns 
number-26 AWG enamelled wire wound on 
100k, 2-watt resistor 

RFC3 for series filament operation: 12Va bifilar 

turns number-12 AWG enamelled wire 
wound on ferrite core 3" long, V 2 " diam¬ 
eter (Indiana General CF-503, Newark 
electronics catalog number 59F-1521); 
notch core with file and snap to break 

for parallel operation: overwind third 
winding with number-18 AWG enamelled 
wire (see photo) 

51 single-pole, 12-position ceramic switch, 
7 kV test (Radio Switch Corporation, 
Marlboro, New Jersey, type 86A) 

52 single-pole, six-position ceramic switch 
(Centralab PA-2001) 

T1 - T5 see table 1 

T6 series filament operation: 10 volts at 15 A 

(Thordarson 21F-146); parallel operation: 
5 volts at 30 A (Chicago-Stancor P-6468) 
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ation, If your station operation (or the great¬ 
er portion of it} is confined to a single hf 
hand, a worthwhile reduction in cost may be 
achieved by constructing the amplifier for 
single-band operation. In this case, only one 
tuned input circuit is used, and the other 
transformers and switch S-2 may be omitted. 
The plate circuit may be simplified to a 
single tank coil, and the expensive and rath¬ 
er bulky plate switch may be omitted, along 
with the problem of placing the proper taps 
on the bandswitching coil. No hard and fast 
rules apply, and the choice is yours, 

the input circuit 

This is the feature that really distinguishes 
the grounded-grid amplifier from its con¬ 
ventional grounded cathode counterpart, A 
fixed-tuned cathode circuit is used, with 
each input circuit (Tt through T5J tuned to 
the center of each hand (table 11- A grid dip 
meter is used for resonating the cathode 
circuits. Each circuit should be peaked be¬ 
fore it's installed. 

Because I he cathode circuit replaces the 
grid circuit as the input system to the am¬ 
plifier, the cathode circuit must be isolated 
from ground. This means that cathode volt¬ 
age has to be applied through an rf choke 


fig- 3. Filament cKoku 
for parallel filament con¬ 
nection. Core malerial is 
Q-1 lype Having a per¬ 
meability of 125 at 1 
MHi, 



These chokes are available commercially, 
but are rather expensive. Why not make 
your own? 

The filaments may be operated either in 
series, as m fig, 2, or in parallel (fig. 3).. Series 
operation requires a current balancing re¬ 


turn to the junction of the series filaments. 
This means a third winding is needed on the 
isolation choke, Here's how to make your 
choke. 

the cathode choke 

Use a ferrite core, hut beware of the tran¬ 
sistor-radio ferrites used for loops tick an¬ 
tennas. They won't work in this application 
and are inferior at higher frequencies, I used 
Q-1 ferrite material with a permeability ra- 



FI lamen t choke for grounded-grid amplifier is wound 
on ferrite core, one-half inch in diameter and three 
inches long. The tent explains how to build your own. 


do of 125 at 1 MHz, My core is one-half 
inch in diameter and three inches long. 
(The choke in the photo was wound on a 
two-inch-long core, which makes winding 
a hit tight; a slightly longer core makes the 
winding job easier.) 

I used I 2 V 2 turns of number-12 AWG 
enamelled wire, hi filar wound, and held in 
place with epoxy cement. If you want to use 
series-connected filaments, wind another 
layer using number-18 AWG enamelled 
wire. Wind it over the primary. Epoxy ce¬ 
ment will hold it in place. Tin the end of 
each winding and apply tape as shown in 
lhe photo. The assembled choke is extreme¬ 
ly rugged when the epoxy dries, and you 
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wi/f save at /east $5.00 by making your own . 

If the filaments are series-connected for 
10-volt operation, the tertiary winding on 
the filament choke must make a connection 
between the center tap of the filament trans¬ 
former and the junction between the series- 
connected tube filaments. If this connection 
is omitted, the filament voltages for the two 
tubes will not necessarily be balanced, as 
one tube may draw slightly more current 
than the other. Manufacturing tolerances 



fig. 4. Bias and metering circuit for 3-500Z tubes. 
Meter Ml reads grid current between cathode and 
grid; meter 2 reads plate current between cathode 
and plate. The bias voltage, El, is provided by the 
zener diode, Z1. 


permit a current variation of about five per¬ 
cent between two tubes of this size. It's 
therefore possible for one tube to absorb the 
filament voltage at the expense of the other. 
Parallel filament operation eliminates this 
problem. However, 10-volt filament trans¬ 
formers are sometimes easier to obtain than 
5-volt units. 

the grid circuit 

This circuit, by careful inspection of the 
schematic, is almost nonexistent. All three 
grid pins of each tube socket are grounded 
to the amplifier chassis. The proper Eimac 
air-system socket and chimney should be 
used, regardless of your choice of tubes. The 
less-expensive ceramic socket often used 
with tubes of this type applies too much 
lateral force to the base pins and glass head¬ 
er. The Eimac SK-410 socket has special, 
flexible connectors that allow the tube to 


move about This equalizes any stress when 
plugging the tube into the socket. Also, this 
socket has small slots in the shell through 
which grounding straps may be passed to 
permit a short, low-inductance ground con¬ 
nection to grid pins 2, 3 and 4. 

the metering circuit 

You may wonder, "How is grid current 
measured when the grid is directly ground¬ 
ed?" The answer is that grid current may be 
measured in the grid return circuit to the 
tube filaments. Grid meter Ml handles this 
chore. The grid circuit electron flow, then, 
is from filament to grid within the tube, from 
grid to ground, from ground to the nega¬ 
tive terminal of meter Ml, through the me¬ 
ter, then from the positive terminal of meter 
Ml to the filament center tap. 

The plate-current meter may be handled 
similarly. Instead of placing it in series with 
the B-plus lead, which may be highly dan¬ 
gerous, the meter is in the B-minus return 
lead to the power supply. No grid current 
flows through plate meter and no plate cur¬ 
rent flows through grid meter. This circuit 
is shown in fig, 4. 

standby and vox control 

The amplifier should be turned off to con¬ 
serve power during listening periods and to 
reduce diode noise in the receiver. Under 
certain conditions, it's possible for large 
transmitting tubes in standby to generate a 
powerful hiss when they pass resting plate 
current. Normally, you don't hear this un¬ 
less a T-R switch is used, but it can be a 
nuisance and is often noticed even when 
coaxial antenna changeover relays are used. 

Common practice calls for the amplifier 
plate supply to run during standby, with the 
transmitter energized by the voice-con¬ 
trolled (VOX) system. A number of alterna¬ 
tives, then, present themselves to solve the 
diode noise problem and allow effective 
VOX control. 

The schematic of fig. 2 shows the filament 
circuit interrupted by two terminals (A-B). 
When these are open, the amplifier is in a 
cut-off mode, and no amplifier plate cur¬ 
rent flows. I don't recommend the amplifier 
be used under these conditions, but fig. 5 
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illustrates several acceptable circuits that 
may be used across terminals A-B to do the 
job. 

Fig. 5A shows A-B shorted, in which the 
amplifier operates normally, with no VOX 
control and no provision for reducing noise. 
Fig. 5B shows the VOX relay contacts in 
parallel with a 10-k ohm, 10-W bias resistor. 
When the VOX relay is in standby, its con¬ 
tacts are open, and the resistor is in the 
filament-return circuit. A small plate-current 
flow through this resistor creates a voltage 
drop across the resistor. This applies a neg¬ 
ative blocking bias to the amplifier grids. 
The standby plate current is thus reduced to 
near zero, and the noise is eliminated. 
When the VOX circuit is energized, the relay 
contacts short circuit the bias resistor. Am- 


If asked for my circuit preference, I'd vote 
for the circuit in fig. 5B. The addition of the 
bias, in my opinion, is "gilding the lily," un¬ 
less the power supply is of marginal rating 
and every extra watt must be carefully con¬ 
served, or unless you want to reduce cabinet 
temperature during extended periods. 

the air cooling circuit 

Until some genius miniaturizes the watt, 
a means will be necessary to remove the 
heat generated in an amplifier of this size. 
When you realize that the filaments of the 
two tubes have a power capacity of 145 
watts, and the total plate dissipation may 
reach 1000 watts during the tune-up process, 
you can appreciate that the amplifier cabinet 
temperature may reach astounding propor- 


A. No bias and no vox; short circuit 
terminals A and B of fig. 2. 

B. VOX-only circuit; relay contacts 
are part of external vox circuit. 

C. Zener diode bias only; use 1N4551 
zener diode for one or two 
3-500Z’s. 

D. Vox circuit and zener diode bias. 
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fig. 5. Bias and vox circuits for the grounded-grid amplifier. 
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plifier operation then returns to normal. 

Fig. 5C shows how a zener reduces am¬ 
plifier standby plate current. At a plate po¬ 
tential of 3000 volts, for example, the 3-500Z 
and 3-400Z resting plate currents are 160 
mA and 100 mA respectively. This corre¬ 
sponds to a plate dissipation of 480 watts 
and 300 watts. Unless VOX bias is used, this 
amount of dissipation per tube can warm 
the operating room and run up the power 
bill in short order. Addition of a zener pro¬ 
vides a few volts of regulated bias, which 
reduces plate current to a moderate value. 
Standby plate dissipation is reduced accord¬ 
ingly. 

Fig. 5D shows the use of both circuits. 
The VOX relay and resistor bias provide 
near zero standby plate current, and the 
zener provides low static resting plate cur¬ 
rent when the amplifier is activated. 


tions unless the heat is conducted else¬ 
where. Large commercial transmitters that 
must deal with thousands, or hundreds of 
thousands, of watts of dissipation often for¬ 
sake air cooling for more efficient water 
cooling or vapor-phase (steam) cooling. At 
the amateur power level, however, simple 
convection or forced-air cooling is still the 
most popular method of removing heat. 

Either the 3-400Z or the 3-500Z requires 
cooling air supplied at a rate of 13 cubic feet 
per minute capable of overcoming a back 
pressure created by tube, socket and chim¬ 
ney expressed as a pressure drop of 0.13 
inches of water. Blowers that will meet this 
specification are specified in the parts list. 
A word of warning: don't cheat on air sup¬ 
ply. Heat is the enemy of vacuum tubes, 
and a war-surplus blower or cheap fan may 
result in decreased tube life due to filament 
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or plate seals overheating. A few pennies 
saved in the purchase of the proper blower is 
false economy, indeed, and may lead to 
premature tube failure after a few hundred 
hours. 

circuit stability 

The grounded-grid amplifier is inherently 
a degenerative circuit, and the grid shields 
the input from the output circuit very ef¬ 
fectively. The builder, however, is responsi¬ 
ble for feedback occurring around the tube 
caused by coupling between input and out¬ 
put circuits. If sufficient coupling exists, it's 
possible for a fundamental frequency para¬ 
sitic oscillation to occur. Proper amplifier 
shielding and correct isolation of power 
leads will eliminate this problem. 
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fig. 6. Power supply connections for proper “float¬ 
ing B-minus’’ circuit. Negative of supply is lifted 
above ground a few volts by the 10-ohm resistor. 


The circuit shown in fig. 2 has each power 
lead bypassed at the terminal board on the 
amplifier. Coaxial input and output rf con¬ 
nectors are used. If the cable run to the 
power supply is rather long, it's a good idea 
to run the leads in shielded cable. The B- 
plus lead can be a length of RG-8/U co¬ 
axial line, with the shield grounded at both 
ends. 

The power supply B-minus circuit is above 
ground because plate meter M2 is in the 
return lead. A protective resistor should be 
in the power supply, as shown in fig. 6, to 
keep the supply from getting too far above 
ground. 

The tuned-cathode transformers should be 
in a shielded enclosure to separate them 
from the rf currents and fields in the output 
circuit. There are several ways of doing this. 
One is to enclose the amplifier underchassis 
completely making it airtight. The blower 
is mounted on the rear wall of the enclo¬ 


sure, transforming it into a plenum chamber, 
with the air exhausted through the tube 
sockets. The cathode circuit, in turn, is 
automatically shielded by the enclosure. 

On the other hand, if the underchassis 
area is not pressurized, and the air is con¬ 
ducted separately to each tube socket by 
hoses, the cathode circuit should be in a 
shielded enclosure of its own. The plate 
circuit components, usually mounted above 
chassis, should be in a shielded enclosure 
that affords proper ventilation. This can be 
done with a cover shield made of perforated 
aluminum sheet. With both grid and plate 
circuits properly shielded, minimum intra¬ 
stage coupling will exist. 

A good way to determine the amount and 
degree of intrastage coupling is to observe 
the action of the grid and plate meters after 
the amplifier has been tuned and loaded. 
If the stage is operating properly, maximum 
grid current and minimum loaded plate cur¬ 
rent will occur at the same setting of the 
plate tuning capacitor. If, on the other hand, 
grid current reaches maximum when the 
plate circuit is slightly detuned from reso¬ 
nance, it's an indication that unwanted feed¬ 
back exists from plate to grid. A small 
amount of unwanted coupling probably will 
do no harm, but instability may often be 
found in such an instance, particularly on 
the 10- and 15-meter bands. If the degree 
of coupling is great enough, the amplifier 
will break into oscillation at the operating 
frequency. Judicious use of proper shielding 
can easily eliminate this problem. 

parasitic oscillation 

Most modern tubes perform well into the 
vhf region and demonstrate ample gain and 
efficiency, even though they may be de¬ 
signed primarily for high-frequency opera¬ 
tion. The 3-400Z and 3-500Z are no excep¬ 
tions. High-frequency circuit and construc¬ 
tion techniques, however, usually create a 
condition wherein input and output circuits 
are not especially well shielded or otherwise 
isolated from each other at frequencies 
above 100 MHz or so. 

This isn't surprising, as the amplifier is 
not designed to work in this portion of the 
spectrum. The upshot of this combination 
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of forces is that the tube is capable of am¬ 
plifying {and oscillating) in the vhf region. 
Unless steps are taken to prevent it, this 
very oscillation wifi occur. Auxiliary neutral¬ 
izing circuits may be added to suppress the 
tendency to oscillate, or, more simply, (he 
parasitic circuit may be loaded to suppress 
the oscillation. This is most easily done by 


citor at random. If parasitic* are absent, the 
meter readings will remain unchanged. If, 
however, the amplifier exhibits a tendency 
toward parasitic instability, a grid-current 
reading will be indicated, and a rise in rest- 
ing plate current will be noted 
When a new item of equipment is being 
tested for ihe first time in ibis fashion, it 



New Swan Mark II linear amplifier, designed to use either Eimac 3-40QZ (foreground)' or 3-50QZ {installed in 
Amplifier). The Swan incorporates zenor bias to reduce i*ro-signal plate currant of the 3-5QGZ lubes; bias 
may be switched out for the 3-40DZ 


the use of plate circuit parasitic suppres¬ 
sors, a nearly universal adjunct to most high 
frequency amplifiers. The parasitic choke de¬ 
scribed in the parts list should do the job 
for either tube type. One choke is placed 
in each plate lead near the plate connector. 

The check for vhf parasitics is simple. The 
amplifier plate and filament voltages are ap~ 
plied, but excitation is not. Observe the rest¬ 
ing plate current and grid-current, then tune 
the plate-tuning capacitor and loading capa- 


may be wise to drop the plate voltage in 
half with the aid of a variable voltage irans- 
former m the power supply primary. If all 
looks well, the voltage may be raised a bit 
and ihe test repeated. The most drastic 
parasitic test of all is to boost plate voltage 
about TO percent above normal while the 
test is being run. Higher-than-normal plate 
voltage raises the power gain of a tube and 
enhances ibe tendency towards parasitic 
oscillation, if such tendency is present. 
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If a parasitic oscillation occurs, the plate 
circuit parasitic suppressors must be altered 
in unison until the amplifier is "cold." Addi¬ 
tion of a turn or two to each suppressor coil 
is suggested as the first step. Too many turns 
on the coil will cause the suppressor resistor 
to overheat, particularly on the 10-meter 
band. A proper compromise between sup¬ 
pressor heating and parasitic suppression can 
be worked out without too much effort. 

amplifier tuning and adjustment 

Once the amplifier has been tested and is 
free of parasitic oscillation, it is ready for 
final adjustment and tuning. Using a grid- 
dip oscillator, the cathode circuits may be 
tuned to frequency before they are installed 
and will need no further tuning. A check of 
these should show each to be resonant at 
about the mid-frequency point of each ama¬ 
teur band. 

Adjustment of the pi-network output cir¬ 
cuit may also be approximated with the aid 
of the grid-dip oscillator. The output (load¬ 
ing) capacitor is set to the approximate 
value of capacitance for a particular band, 
the plate leads are attached to the tubes, and 
the plate tuning capacitor varied to pro¬ 
vide resonance on a grid-dip oscillator 
coupled to the network coil. Settings of 
tuning and loading capacitors should be 
logged. A dummy antenna and power out¬ 
put device (an swr meter, for example) are 
attached to the amplifier, as is the exciter. 
Plate voltage is applied, and a small amount 
of drive (carrier) is introduced into the am¬ 
plifier. The plate tuning capacitor is ad¬ 
justed for maximum indication on the power 
output meter. 

The idea is to achieve maximum power 
output with proper grid and plate currents, 
combined with a minimum of grid drive. 
This is how you do it: 

As an example, assume the amplifier has 
a pair of 3-500Z tubes operating at 2500 
volts. To achieve 2000 watts PEP input 
(usually assumed to equal 1000 watts under 
voice conditions) the amplifier must be 
tuned and loaded at the 2000-watt level, 
unless some rather sophisticated test equip¬ 
ment is at hand. Accordingly, 800 mA of 
plate current must be run to the two tubes. 


and the data sheet for the 3-500Z shows a 
grid current of 120 mA per tube, or a total 
of 240 mA for two tubes at this power level. 

Here we go! Carrier is gradually inserted, 
and the amplifier is loaded toward the tar¬ 
get plate current of 800 mA. Grid current 
is deliberately held on the low side as a 
safety measure. Plate loading is increased 
(pi-network output capacitance decreased), 
plate tuning is resonated and grid drive is 
slowly raised. At resonance we approach 
700 mA plate current and 200 mA grid cur¬ 
rent. Tuning is "on the beam." Loading is 
juggled a bit to peak power output, and 
cathode drive is boosted a bit. The plate 
current is now 800 mA, grid current is 220 
mA, and power output drops if loading is 
either increased or decreased. Power output 
also drops sharply when excitation is re¬ 
duced. Under these conditions, the am¬ 
plifier is loaded to 2000 watts dc input with 
the proper plate loading and with the cur- 
rect ratio of cathode drive to plate loading. 

Excitation is now removed, grid current 
drops to zero, and plate current returns to 
zero-signal value. Now, instead of a steady- 
carrier driving signal, a voice signal is im¬ 
pressed onto the amplifier. Voice gain is 
raised until voice peaks occasionally hit 400 
mA. This indicates a "dc meter reading" of 
1000 watts peak input (2500 volts at 400 
mA). The PEP input, if viewed on an oscil¬ 
loscope, would be in the neighborhood of 
2000 watts or so. Grid current, under voice 
conditions, will peak about 110 mA. 

Note that to establish a 2000-watt PEP 
input condition, the amplifier must be load¬ 
ed and adjusted at the 2000-watt PEP level. 
This is extremely important; it must be capa¬ 
ble of handling 2000-watt peak signals with¬ 
out distortion. It is wise to use an oscillo¬ 
scope to monitor voice peaks and ensure 
that over-excitation or "flat-topping" of the 
signal does not occur. 

The experienced operator will find that 
the combination of grid current and power 
output indications are important adjuncts 
to proper tuning. Once the proper tuning 
and loading technique is mastered, adjust¬ 
ment of a linear amplifier will be simple 
and uncomplicated. 

ham radio 
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Many years ago, when radio started, the 
detection of signals was receiver-sensitivity 
limited, since rf amplifying devices were not 
known. When these devices came about, it 
was found that receiving sensitivity was lim¬ 
ited by natural and man-made interference 
rather than by the ever-present thermal noise 
of the antenna and its environment. This is 
still true for all but the higher amateur bands. 

During the past several years new com¬ 
munications modes such as moonbounce, 
troposcatter and meteorscatter have become 
popular with pioneering radio amateurs. 
These modes have in common tremendous 
path losses ranging up to 280 dB, and all 
operate against a background of white (or 
thermal) noise. With receiver or antenna 
noise a limiting factor on one side and 
transmitter power and antenna stee on the 
other, much brain power has been expended 
by amateur and professional alike to de¬ 
velop improved signal processing techniques 
and coding systems to achieve maximum 
performance. 

Many claims have been made by ama¬ 
teurs for particular "circuits'' that will pull 
signals out of the noise, "cancel" the noise, 
etc. Some of these claims are true, while 
others are oversimplifications and not ap- 
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plicabfe. The object of this article is to 
bring some of the findings of detection the¬ 
ory to bear on the problem and show what 
is not possible. I'll try to do this in simple 
language, ’with a minimum of math, but 
N^ithout yielding to the temptation of over¬ 
simplification. 

the problem 

Let's assume that we have reduced the 
incoming thermal noise to the lowest pos- 


cw transmission 

For ease of understanding well start with 
the simple proposition of detecting the 
presence of a transmitted rf carrier. Let's 
assume the carrier is transmitted at constant 
amplitude and constant frequency. At first 
glance it might appear that a bandpass filter 
of arbitrarily narrow bandwidth in the re¬ 
ceiver would be the optimum choice for 
highest sensitivity, since the amount of noise 
in the filter bandwidth can be reduced to 





DC BIAS 


fig. 1. Weak signal cw receiving systems. The two-frequency method is shown in A; the Dicke radiometer 
system is shown in B. 


sible amount by (ow-noise antennas, feed¬ 
lines and receiver front ends. What we've 
done is reduce the noise power spectral 
density in the frequency band of interest. 
Th is quantity is measured in watts per Hz 
of bandwidth. Let the problem now be: 
given this background of thermal noise den¬ 
sity, how can we detect signals and com¬ 
municate by modulating the signal in some 
way? 


as low a value as necessary for detection of 
the carrier. Unfortunately this is not true. 

Between transmitter and receiver exists a 
transmission path that always modifies the 
transmitted signal. Such phenomena as fad¬ 
ing, scintillation, Doppler shifts, and multi- 
path modify the signal in the direction of 
increased bandwidth. The best receiving 
system, then, is that which maximizes the 
signal-to-noise ratio (snr) for the received 
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signal; not the one being transmitted. A 
filter that maximizes the ratio of signal power 
to noise power is commonly called a 
matched filter. Such a fitter for the above 
case would be one with a response approx¬ 
imately as wide as the signal spectrum; how¬ 
ever, the exact frequency response of the 
filter is similar to the power spectrum curve 
of the signal being received. I won't go into 
the exact mathematics here, because we 
don't ordinarily know enough about a spe¬ 
cific path at a given time to really shape the 
filter curve for optimum snr. Besides, the 
snr is not too sensitive to changes in the 
shape of the filter curve. 


noise. Typically, the output of the filter is 
then displayed on a chart recorder or scope. 
The signal-to-noise ratio at the output of the 
low-pass filter can be computed by the fol¬ 
lowing relationship: 

i = (L) ! JjL 

N out \ N / IP 2Af 

(B» Af) 

where 

B = i-f bandwidth. 

Af — lowpass filter bandwidth. 


fig. 2. Electronic digital 
filter. A three-phase 
square wave at the fre¬ 
quency of interest is used 
to drive the three mosfet 
switches. 
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pre- and postdetection 

Let's assume we've put into the receiver 
i-f this approximately matched filter, yet the 
signal-to-noise ratio is not high enough to 
detect the cw carrier. Can anything be done 
to improve snr using additional processing? 
Yes, but the price paid for improved de¬ 
tection capability is a drastic increase in 
time-to-detection. The additional processing 
techniques are called postdetection inte¬ 
gration. 

Basically, they all involve reading the long¬ 
term value of the noise and thereby detect¬ 
ing small increases of power caused by the 
presence of extremely low-level signals. 
They are nonlinear systems, and the output 
signal-to-noise ratio is not proportional to 
the input signal amplitude. 

The implementation of postdetection 
systems is always to rectify the i-f, rf, or 
audio (in a heterodyne receiver) and smooth 
the resulting dc in a low-pass filter. It's in¬ 
tuitively apparent that the longer the time 
constant of the filter, the easier it is to de¬ 
tect a small change in average signal plus 


Note that the i-f signal-to-noise ratio ap¬ 
pears as a square term in the equation, so 
that even very large values of integration 
times produce only a small reduction in 
permissible i-f snr. The time-to-detection 
can go clear out of sight before there is a 
significant output signal-to-noise ratio or im¬ 
provement in sensitivity. 

While the equation is exact, it has to be 
applied to a system with care. If the signal 
amplitude is not constant you can't put in 
a fixed number for the i-f snr. To be exact 
you must integrate over a period of time. 
The low-pass filter bandwidth in a system 
involving a recorder and a human observer 
is really the combination of the electrical 
filter and the brain of the observer looking 
at the chart. 

In a practical system the observer may be 
contributing most of the filtering.* I've 
found with systems of this type that there 
is little point in using integration times over 
2 seconds on a cw carrier. With rapidly fad- 

* And, depending on the observer, some of the noise. 
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ing moon echoes I prefer an integration 
time of 0.5 second, doing mental filtering 
on the chart output. 

As a point of reference I estimate that the 
signal path contributes about 10 to 20 Hz of 
additional bandwidth on amplitude modu¬ 
lation. As an example, a cw system designed 
for highest sensitivity on moon echoes 
would use a predetection filter with band¬ 
width appropriate to the band used (20 Hz 
on 1296), followed by a postdetection in- 


Regenerative audio filter. Transistors Qt and 02 are 
high-gain silicon npn units. C2—about 0.05 /xF—is 
one-half the value of Cl and depends on the desired 
audio frequency. 



tegrator of between 0.1 and 0.5 second, fol¬ 
lowed by a recording device and the op¬ 
erator's mental filter. This is the optimum 
technique, and no fancy gadgets or trick 
circuits can do better than that. 

practical considerations 

In order to keep small drifts in receiver 
gain from affecting the recording, most peo¬ 
ple use two different audio filters and two 
rectifiers in a bucking arrangement working 
into an integrator, so that the output is nor¬ 
mally zero in either filter with no carrier. 
Since the noise output from the two filters 
adds, while the dc component cancels, the 
snr of this system is 3 dB worse than that 
with the single i-f filter. This is well worth¬ 
while, though, to obtain system stability. 

If frequency-shift keying is used, perfor¬ 
mance is identical to a keyed carrier in a 
single filter. A less-popular technique is to 


have a reference noise source at the re¬ 
ceiver input and synchronously switch it and 
a pair of rectifiers at the integrator input to 
cancel receiver gain drifts. This is the tech¬ 
nique used by radio astronomers. For cw 
use it's more difficult to implement and no 
better in sensitivity. (See fig. 1). 

A disadvantage of the Dicke system is 
that it can't discriminate against radar inter¬ 
ference. The two-frequency technique does 
discriminate, because the radar pulse adds 
to both channels equally if they have the 
same bandwidth. 

predetection filter schemes 

The two-meter moonbounce enthusiast 
might wonder how to implement a two-to- 
five-Hz bandwidth filter for the predetection 
(j-f) circuit. There are several possible 
methods: 

1. Use a circuit similar to a Q multiplier, 
but at audio frequencies. This requires well- 
regulated supplies and a temperature-stable 
transistor circuit. Any transistor oscillator 
circuit will do if adjusted for class-A opera¬ 
tion and if the feedback is adjusted to a 
point just before oscillation. 

2. Use a passive RC circuit; with good com¬ 
ponents and regulated supplies, this circuit 
is capable of about 1-Hz bandwidth. Its op¬ 
eration is similar to that of the Q multiplier 
concept in method number 1. 

3. Use a digital filter (shown in fig. 2). 
This is the ac equivalent of a synchronous 
detector. It's extremely stable and can gen¬ 
erate an arbitrary narrow response. I've built 
some of these with 0.1-Hz bandwidth at 1 
kHz. Their resonant frequency is that of the 
ac source driving them. Some care is re¬ 
quired in layout to avoid coupling the oscil¬ 
lator output into the amplifier input. Their 
Q depends on the basic cutoff frequency; 
the lower the cutoff frequency, the higher 
the Q. This network can't oscillate by itself. 

4. Use a synchronous detector followed by a 
low-pass filter. This is equivalent to another 
heterodyne process, translating the high au¬ 
dio frequencies to near dc, where they can 
be filtered without high-Q devices. This is a 
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very useful device if phase coherence exists 
between the drive source and the carrier. 
It is more difficult to use than method 
number 3. 

Other considerations in choosing your 
predetection bandwidth are transmitter and 
receiver stability and the search problem 
with a too-narrow system. At 1296 MHz, 
50-Hz bandwidth is probably as low as you 
can go and be sure the carrier is centered 
in the passband. At two meters a system of 
a few Hz bandwidth should be practical. 

Fig. 3 shows a system that l am using on 
1296 MHz. On moon echoes it is about 3 
to 6 dB more sensitive than the human ear, 
with a 0.5-second integration time. Fig. 4 
shows typical moon echoes with a 0.5-sec- 
ond integration time, 

pulsed systems 

Let's now consider pulsed systems. Can 
anything be gained by transmitting a high 
ratio of peak-to-average power? The answer 
is a qualified "yes" for the relatively low 
power in amateur transmissions. 

In general, pulsed and cw systems can 
transmit the same information rate if both 
are limited by white noise, and both use the 
same average power, provided each system 
is not limited by path a-m or fm. Both 
pulsed and cw radars perform identically 
with respect to maximum range and time- 
to-detection if both use the same average 
power. 

However, for very high average power, 
transmission lines and antennas can't sup¬ 
port the energy without breakdown. It's 
much easier to handle high average power 
if the peak-to-average power ratio is small. 
For these reasons new, long-range, high- 
performance radars use the cw mode. 
Range and range rate data are obtained by 
pulse compression at the receiver. 

These radars are sometimes called "chirp 
radars." They transmit a "long" pulse of 
linear frequency. At the receiver the long 
pulse goes into a special filter that has a de¬ 
lay which also changes linearly with fre¬ 
quency to generate a short, high-peak power 
pulse. This overcomes the peak power limita¬ 
tions of the antenna and feedlines. These 
filters are very critical and are not yet within 
the realm of amateur work. 


To show the equivalence of the cw and 
pulsed modes, let me go through an exam¬ 
ple. Assume two transmitters of equal aver¬ 
age power output, no path modulation, and 
both transmitters operating for a 1-second 
interval. Allowable time-to-detection is one 
second. 

Since we have an allowable "waiting 
time" of one second, corresponding to an 
information rate of one bit per second, the 
best pulse repetition rate is one pulse per 
second, because signal power is maximized 
in each pulse. 

The optimum cw bandwidth for a 1-sec¬ 
ond "long" pulse is 1 Hz. (This is again the 
bandwidth of a matched filter.) It can be 
shown 1 that the shortest pulse length an 
amplifier can produce as useful output is 
equal to 1/B seconds, where B is the band¬ 
width in Hz. Conversely, the bandwidth for 
a pulse of any length, L, that will maximize 
the snr is equal to 1/L. 

For the pulsed transmitter, the bandwidth 
required for maximum i-f snr varies propor¬ 
tionally with the peak power and inversely 
with the pulse length. As the noise power 
increases in the i-f bandwidth, the i-f snr is 
constant for any pulse length between zero 
and one second. On the surface one might 
think that pulse transmission can offer a 
tremendous increase in snr for a given aver¬ 
age power level. Short-duration, high-power 
pulses could be used in conjunction with a 
gate to remove the noise during quiescent 
periods, resulting in a high snr during gate- 
on periods. 

In the real world, with path distortion due 
to a-m or fm, it's a different matter. If the 
receiver bandwidth is chosen on the basis of 
the path rather than the desired information 
rate {as in the above example) there is much 
to be gained. 

For the 1296-MHz system, we arrived at 
a bandwidth of 50 Hz for optimum detec¬ 
tion. On the basis of information rate, how¬ 
ever, we could live with a system transmit¬ 
ting one bit per second. For these condi¬ 
tions, then, a system transmitting one pulse 
per second with a pulse width of 20 milli¬ 
seconds would be about optimum. This sys¬ 
tem would have a 17-dB improvement over 
the cw threshold. 
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It may be easy to generate such long 
pulses, but there is also a question of legality 
for that amateur frequency. However, this 
does show what is possible. The mode would 
be legal on 2300 MHz and higher bands. 
The bandwidth of this system is no larger 
than that required for high-speed cw. 

further enhancement of snr 

The comments made earlier about post¬ 
detection systems still apply to pulse trans- 


There is one other consideration with 
pulse transmission. The moon is of consider¬ 
able size, and if a short pulse is sent up, the 
pulse will arrive at different points on the 
moon at different times. The reflected pulse 
is therefore stretched out in time. It turns 
out that the reflected pulse width is about 
100 p s, which corresponds to a reflection 
from the near parts of the lunar disc only. 
Also, there's a very much longer tail that 
corresponds to the full radius of the moon; 


HOtSE PLUS 
HARROW 
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fig. 3. Versatile postdetection system used at WB6IOM. The positions of SI are A, low sensitivity, fast re¬ 
sponse (0.1 second); B, high sensitivity, slow response (0.5 second); C, maximum sensitivity, slow response 
(2 seconds). D is the echo accumulator position. 


mission. If the i-f snr is not high enough 
with the 17-dB improvement due to pulse 
transmission, the pulse can be integrated to 
enhance the output signal-to-noise ratio. It's 
desirable to gate out the noise between 
pulses, as those intervals don't contribute to 
the signal. The calculation of output snr is: 

S/N out - (S/Nj f ) 2 VR 1 
where N = number of pulses integrated. 


however, the tail doesn't contain much 
power. 

bandwidth reduction on 
moonbounce 

It would seem, then, that a bandpass filter 
of about 10 kHz bandwidth at the receiver 
should result in optimum snr, but this isn't 
necessarily so. If the transmitted pulse has a 
width of 1 (is, corresponding to a bandwidth 
of 1 MHz, the returned pulse may be ex- 
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panded in time without a corresponding re¬ 
duction in bandwidth due to the incoherent 
nature of the moon reflection. 

It's not clear, from any of the papers I've 
read on the subject, as to how much of a 
bandwidth reduction does occur, if any. If 
no significant reduction in bandwidth oc¬ 
curs, pulses less than 100 n s wide aren't de¬ 
sirable since they actually force the receiver 
bandwidth up without the corresponding 
benefit of a short, high-peak power pulse to 
separate signal and noise. 

If a considerable compression of band¬ 
width occurs due to the physical size of the 
moon, systems using short pulse widths may 
be as efficient as systems using longer pulses. 
There are a variety of planar triodes around 
that can generate power at good efficiency 
when pulsed as 2300-MHz amplifiers, so this 
appears to be a useful approach to low-cost 
power generation. It would even be possi¬ 
ble to send short pulses spaced less than 
100 £ts and get essentially cw returns. How¬ 
ever, in the absence of hard facts relating to 
the phase coherence of the moon at these 
frequencies, this must await expert opinion. 

voice transmission 

The optimum transmission mode for voice 
signals against a background of white noise 
is still surrounded by a lot of confusing state¬ 
ments, even in the professional literature. 
However, properly defined and stated, it is 
a closed subject. For amateur purposes we 
are interested in a system that requires the 
lowest amount of signal power at the re¬ 
ceiver for good voice intelligibility; not high 


fig. 4. Chart recording of 
moon echoes received by 
WB6IOM on 31 May 1968. 
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DOPPLER: -2.4 kHz ±0.3 k Hi 
PREDETECTION BANDWIDTH : 75 Hz 
INTEGRATION TIME: 0.5 SECOND 


output signal-to-noise ratio. Some possible 
transmission modes to consider are single 
sideband suppressed carrier, a-m, narrow- 
band fm, wideband fm, pulse code modula¬ 
tion, pulse amplitude modulation, pulse po¬ 
sition modulation and others. 2 

If voice transmission systems are com¬ 
pared on the basis of peak and average 
power, ssb is the obvious choice. However, 
a-m is superior to wideband fm and equal 
to narrowband fm, on the basis of the same 
carrier power. 



RELATIVE INPUT-SIGNAL LEVEL (dB) 


fig. 5. Signal-to-noise ratio characteristics of vari¬ 
ous modes of communication. 


The advantage of fm, PCM, PAM, etc., is 
that these systems have noise improvement 
properties. In all these systems, the output 
snr may be higher than that of the carrier. 
The price paid for this is a higher signal 
threshold below which there is no intelligi¬ 
bility. Fig. 5 compares the different systems 
qualitatively on the basis of equal input 
power to the receiver. 

While the noise improvement property of 
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fm, etc., is important for data transmission 
and high fidelity entertainment, it doesn't 
help the voice intelligibility very much. On 
the graph of fig. 5 the voice intelligibility is 
already near 100 percent before the fm or 
pulse curves result in a larger snr than ssb. 

in summary 

Whether you listen to weak cw signals by 
ear or use a postdetection system and de¬ 
tect the signal by eye, it's extremely impor- 


black box contains several sophisticated com¬ 
puters, but it's not in the realm of anything 
as simple as, say, a couple of transistors. 

By the way, it's quite difficult to build any 
system that's better than the human ear lis¬ 
tening to an audio note in white noise. The 
ear acts like a tracking filter with a tracking 
range of about 3 kHz and an instantaneous 
bandwidth of 25 to 50 Hz. From about 200 
Hz to 1 kHz the ear's sensitivity is constant 
and will detect signals with unity signal-to- 



FREQUENCY (Hz) 


fig. 6. Critical bandwidth of the human ear as a function of frequency. 


tant to keep the system linear. The human 
brain is a very complex signal processor that 
can adapt itself optimally to a variety of sig¬ 
nals, but only if you don't make decisions 
for it with relatively unsophisticated de¬ 
vices like level thresholds, keyed oscillators, 
or clipping circuits. Avoid all chances of 
clipping in the system, and particularly avoid 
level thresholds as in some popular "black 
box" devices. 

The philosophy here is simply this: if you 
put a circuit in your black box that makes 
decisions about the presence or absence of 
signals, then you have presented your brain 
with a problem about which it has no choice 
other than to reject or accept the black box 
decision. This is probably not too bad if the 


noise ratio in a 25-50 Hz bandwidth (fig. 6). 
For signal detection of a carrier in white 
noise, about the best one can do is use a 
maximally flat (less than 1-dB ripple) 100-Hz 
to 1- or 2-kHz bandpass filter, with ear¬ 
phones or speaker that are also flat with fre¬ 
quency. Small resonances or peaks are 
quite distracting, as are some of the shenani¬ 
gans now going on in the sub-bands re¬ 
served for extra class amateurs who are try¬ 
ing to work DX on these frequencies. 

It's a good idea to check your ear for its 
sensitivity peak, because this peak can vary 
from about 200 to 600 Hz, depending on 
your age. Narrowband audio filters can be 
very tiring on the ear, because signal and 
noise begin to sound alike after an extended 
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period of listening (again depending on age 
of I he listener). These filters are really no 
more sensitive than flat, wideband fillers. 

If you are an experienced weak-signal 
operator, you'll also have noticed that the 
dram can make a better decision about I he 
presence of a signal if the signal’s frequency 
is changing very slowly. (Any DX er will cer¬ 
tainly recognize this as a subtle phase shift 
between signal and noise; it requires ex¬ 
treme concentration, however.) 

Audible detection of a signal and copy¬ 
ing it in the form of code, are two different 
things. The signal has to be at least 3 dB 
above threshold and peaked at your par¬ 
ticular aural resonance point before you can 
decipher intelligence This is because the 
minimum change in signal strength detect¬ 
able by the human ear is 3 dB, The advan¬ 
tage of the post detect ion scheme is that 
you can get positive copy, whereas the ear 
ran just barely detect the presence of a 
carrier. 

Another point to remember, when using 
ear filtering, is that the bandwidth of the 
ear is very dependent on volume; maximum 
sensitivity is usually at a relatively low vol¬ 
ume when copying ssb and cw signals. 


Carrier and cw detection by means of the 
ear are almost as sensitive as the best post¬ 
detection system known. They have the ad¬ 
vantage of being much less sensitive to fre¬ 
quency instability and tuning errors. How¬ 
ever, full sensitivity can only be realized if 
the system is treated with about the same 
care as a sophisticated high-fidelity receiving 
system A good system should have separate 
volume adjustment for each ear, some in¬ 
dication of noise level for each ear, and at 
least two filters of 400 Hz and 2 kHz hand- 
width. Optional would he adjustable fre¬ 
quency shaping to compensate for the dif¬ 
ferent response of the two ears. 
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■ large signal vhf uhf 
transistor 



Motorola has just made the first silicon 
PNP large signal vhf/uhi power transistor 
available to ibe electronics industry, Desig¬ 
nated the 2N5160, it is the forerunner of 
several PNP iransistors intended to eompli 
ment existing NPN devices. The 2N5160 was 
designed specifically a^ the PNP compliment 


of the NPN 2 N 3866 for use in comp (i men I ary 
! ireuil configurations such as vhf and uhf am¬ 
plifiers. 

This new transistor is very helpful where a 
positive ground must be maintained and 
eliminates many problems with bypass capac 
[tors. Other uses tor these power transistors 
are in unsaturated switch applications at high¬ 
er current levels than are presently available 
with PNP switches. This transistor features a 
minimum power gain of 8 dB with no cm liter 
tuning and 1-wati minimum power output at 
4(X) MHz, H is suitable for use in class A, B, 
nr C output, driver or oscillator applications 
at frequencies up lo fXX) MHz The 2 N 5160 
uses the multiple emitter overlay geometry 
and is available in I he TO-39 package. For 
further information and tomplele specifica¬ 
tions, write lo Motorola Semiconductor Prod¬ 
ucts, Inc , P. O Box 13408, Phoenix, Arizona 
85(302. 
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New 500-Watt 5-Bander from NRCI 


You can t buy a more potent package than the new NRCI NCX 500 transceiver. This 
versatile 5-bander is packed with the performance extras that give you the sharpest signal 
on the band, plus an enviable collection of QSLs, Check it out! 


500 Watt PEP input on SSB, grid-block 
keying on CW and compatible AM 
operation. 

Receive vernier, with tuning range 
greater than =fc 3kHz, 

Separate product and AM detection. 

Sidetone monitor, plus buift in code 
practice oscillator. 

Fast attack slow release AGC in all modes. 


Rugged heavy-duty 6LQ6 r s. 

Crystal-controlled pre-mixing with single 
VFO for effective frequency stability, plus 
identical calibration rate on all bands. 

Crystal lattice filter for high sideband 
suppression on transmit, and rejection of 
adjacent-channel QRM on receive . . . 
plus solid-state balanced modulator for 
"set-and forget" carrier suppression. 

Universal mobile mount included. 


AC-500 power supply available Great things are happening at NRCI 

m/l NATIONAL RADIO COMPANY, INC. 


NRCI 


37 Washington St., Melrose, Mass. 02176 
617-662-7700 TWX: 617-665-5032 


- NaTidn.il R^fliO ^-ompany, Inc fnletrillion.! I ma< kH in R IhdHiRh Ad Aunema. Inc.. 85 Rroad Slrfrft, htc-w Yrark, Nf# York 10004 
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converting a 
vacuum-tube 


receiver to 

solid state 


You 

can reduce drift 
in older receivers 
by an order 
of magnitude- 
a modification scheme 
for the BC348 
using MOSFET’s 
and JFET's 






The BC-34S receiver is well known for its 
excellent selectivity and mechanical stability 
At the same time, this old iron box can be 
an instrument of torture for the user. Some 
of the earlier BC-348's were bedeviled with 
the "scratchy dial" syndrome. This is a phe¬ 
nomenon of unknown origin and is virtually 
impossible to cure. It appears when the re¬ 
ceiver is tuned and sounds like a thousand 
demons rubbing a tin washboard. If you re 
unfortunate enough to have a BC-348 with 
this ailment, and the receiver has a drift 
problem, it can be a real chore indeed to 
keep a signal in the t-f passhand. 

In resuming an interrupted conversion of 
the BC-348 begun a dozen years ago, I de¬ 
cided the only way to reduce frequency 
drift was to reduce internal temperature rise. 
There are several ways to do this. Reducing 
8 plus takes off seven watts; a transistorized 
audio circuit eliminates another nine, To re¬ 
duce drift by ten times, however, the power 
consumption must be cut by 90 percent. An¬ 
swer: all transistors. 

If the conversion includes a dass-B audio 
amplifier, drain under normal conditions 
would be well under ten watts, and two 
watts of this would be in the pilot lights. Fine 
Now the question is, how to tfo I his without 
sacrificing any of I he features 1 his receiver 
is noted for? 


2h 
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choosing replacements 

The BC-348, -312, and -342 receivers use 
rf coils with low-impedance plate windings 
(or taps) and high-impedance grid windings. 
Bipolar transistors might be used by turning 
things around (interchanging grid and plate), 
or junction FET triodes might be used in a 
cascode circuit, as in the H. H. Scott fm 
tuners—two JFET's replace one 6K7. 

However, the RCA dual-gate MOSFET's, 


tiometer was ganged to the tuning capacitor. 
I felt that this was an added complication 
not needed for amateur work, so I cut the 
wires going to the pot and those from the 
pot to the bandswitch inside the coil box. 

Tubes I replaced with FET's were the 6K7 
rf amplifiers, a 6J7 mixer, and 6C5 local os¬ 
cillator. Characteristics of these tubes at 18 
MHz are given in table 1 with those of some 
replacement semiconductors. Problems oc- 



recently put on the market at a reasonable 
price, have the correct input and output im¬ 
pedances for this use and afford a gain con¬ 
trol with lower distortion products. It turns 
out that the 3N140 MOSFET, at rated current, 
has about five times the transconductance of 
the 6K7. The relatively low output impedance 
of the 3N140 (table 1) is not objectionable 
when used with low-impedance inputs. 

Because of the interstage coupling, stage 
gain in the BC-348 receivers increases from 
the low to the high end of each band, (n 
some receiver models a gain control poten- 


curred with rf gain, rather than with inter¬ 
electrode capacities, because of signals feed¬ 
ing back along the tuning capacitor rotor 
(from gang 3 to the antenna section, for in¬ 
stance) before other effects showed up. Also, 
the 3N140 will oscillate enthusiastically at 
any frequency up to 300 MHz as I found out. 

The extra resistors and capacitors in the 
circuit are mainly to kill various sorts of vhf 
parasitics. In order to get the rf gain down 
where it belonged (high rf gain will also 
cause difficulty with mixer overloading) it 
was necessary to put capacity voltage dividers 
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+ 12.5V 



NOTE RF COILS SHOWN FOR ONLY ONE BAND 


i___ 


MAIN TUNING 


a__ 


fig. 2. Schematic diagram of the solid-state BC-348. Coils in the rf section are shown for one band only; band- 
switch shaft end should be grounded with a spring to remove 144-MHz birdies. Resistors are V4-watt com¬ 
position unless otherwise marked; 1% resistors are 1/8-watt metal-film types (RN55 or RN60). Polarized ca¬ 
pacitors less than 25-^F are tantalum types (15QD or CS13); aluminum electrolytics are ok if not used for age 
or audio coupling. 


at the input of each 3N140. Because the 
semiconductor triode noise is lower than 
that of the 6K7, the measured noise figure 
of the modified receiver was somewhat bet¬ 
ter than the original, even though there 
wasn't always a peak in noise as the antenna 
trimmer was turned. 

Gain control is provided by changing the 
bias on the second gate. Insulated gates 
don't draw current, but the control voltage 
should be +4 V for maximum gain, and 
complete cutoff is obtained at —3 V. The 
first gate is returned to ground. There's no 
chance of rectified current causing the 
whole receiver to block when the rf stage 
conducts (a common cause of receiver 
overload). 

A triode FET can replace the 6]7 mixer. The 
high feedback capacitance is a minor prob¬ 
lem so long as the input and output circuits 


are tuned to widely different frequencies. 
The conversion gain is a function of the 
available oscillator drive power. With enough 
injection the mixer gain could be ten times 
that of the original. To replace the 6C5 os¬ 
cillator a low-transconductance triode FET 
is needed, as discussed below. 

I went to double conversion to obtain 
better selectivity. If 455-kHz filters were to 
have been used, I would have moved the 
first i-f to 930 kHz or higher in order to 
avoid two intermediate frequencies in har¬ 
monic relationship. Of course the second 
oscillator would have been put on the high 
side. (Think where the image would be if it 
were on the low side.) However, I had some 
250-kHz mechanical filters on hand. The 
point of this conversion was, after all, to use 
the six-band, twenty-four-coil tuning appara- 
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noise blanker or shunt 



tus of the original receiver with as little 
modifications as possible. 

Fig. 1 is a block diagram of the complete 
receiver, including auxiliary features (to be 
covered in another article). Everything fits 
inside easily. Fig. 2 is a schematic of the 
main rf and i-f circuits. 

input circuit 

The antenna input starts out with a low- 
pass filter, with nominal cutoff at about 30 
MHz. Aside from obvious advantages if you 
are near strong TV stations (I am), there are 
also less “birdies" when the receiver is used 
with a vhf converter. Because of the input 
coupling method in this model receiver, the 
filter is especially important. 

There is a protective diode clamp on the 
antenna coil. 6BA6 rf amplifiers will stand 


several hundred volts swing without dam¬ 
age. If the grid return resistance is high, how¬ 
ever, the diode is essential because the in¬ 
sulated gate FET is rated for only a few tens 
of volts peak. A type 1N914 of any manu¬ 
facture will have low loss at 12 volts of re¬ 
verse bias. The added capacitance is about 
1 pF. 

The change of drain (plate) current in the 
first rf stage is used to indicate signal 
strength. Because of the slope of the 3N140 
control characteristic, the meter scale is non¬ 
linear in dB, even with the diode in the cir¬ 
cuit. Other approaches, including a separate 
signal indicator channel, were less satis¬ 
factory.* 

♦ The use of an s-meler as a quantitative measuring 
device for received signals is open to question, but 
an s-meter is fine as a tuning indicator. Editor 
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local oscillator 

The local oscillator FEt socket is supported 
by its leads, which pass through the key way 
from the octal socket pins. The 6C5 ran at 
a room) 90 volls f with a starting g m of less 
than 2 millimhos I tried various adaptations, 
and found that '‘hot" FET's (those having 
high l (](jN * and a high zero-bias g J1( ) were 
noisy and unstable, especially at about 15 
MHz. 

Good results as a local oscillator were ob¬ 
tained with the Motorola 3W126 and some 
MPF103's. The 3N126 was used with the 
second gate (substrate and case) hooked to 
source, If a MOSFET is used, something like 
a !N34 would be needed to generate "grid- 
leak" bias. 1 

In (lie original oscillator the grid leak was 
100k ohms, fn the course of chasing troubles 
f changed the value £u 47k r but 100k proh 
ably would be satisfactory. The 15k mixer 
cathode resistor, a [so inside that box, prob¬ 
ably would be satisfactory without change, 
although mixer FET s having \erv high 
would he more suitable in that case. The 
13k resistor l used was based on experience 
with the breadboard model of the second 
converter. The 33- (or 47-ohms resistor in 
series with the gate lead of rhe oscillator can 
be put in between the octal socket (pin 5) 
and the transistor socket. 

mixer 

The mixer proved to be rather critical a** 
to the FET that was used. For type MPF103 
the l dM range is 1 to 5 mA; for the 2N3B19 
it is 2 to 20 mA f found that anything lie 



tween 1 and 4 mA worked in my receiver, 
but the higher current units gave a bit more 
gain. Still higher f (JhM units had low gain and 
were noisy in this socket. Other places in the 
receiver are not so finicky in this respect. I'm 
no I worrying about spares: if the FT Is last as 
long as f>SK7's, I II need another one in 1990. 

In a double-conversion receiver, there 
should be as much selectivity at the first i f 
as other considerations permit, and as little 
gain between ihe lirst and second mixer as 
possible without compromising noise figure 
ihut in no case less than unity gain, or the 
first stage wifi overload before the second). 
A few calculations show that three very 
high-Q tuned circuit will reject (he nearest 
spurious response (789 kHz), but four tuned 
circuits of moderate Q will do even better. 

1 could have usetl two of the original cans, 
but I rewound a couple of miniature J-trans 
to save space, (Fur details on how to adjust 
the coupling using a Q-mefer, see reference 
2.) The lee of capacitors between the cans 
is used in setting up the gain, as the cou¬ 
pling factor between pairs is much less than 
critical. The shunt capacitance is that of the 
coax running from the rf board to the sec¬ 
ond converter module. 

second conversion and 
detector stages 

The second mixer and oscillator are built 
on a small plate that fils in place of the 
original output transformer. The values were 
juggled to get best operation with the FET's 
and crystal I had, With my setup, Ihe oscilla¬ 
tor drain swing was about 9 V p-p, and the 
mixer developed no rectified bias across the 
220k resistor 

Strong second oscillator harmonics were 
found at the mixer output and on the B- 
supply lead beyond the feed-through capaci- 
tor. The additional rf choke and capacitor 
fixed the power-lead leakage, while the 
natural attenuation of the mechanical filter is 
enough protection for the output harmonics, 

* l (( is j common classification parameter, mea¬ 
sured by shorting the gale to source dml applying 
5 lo 10 V lo ihe drain Thus by definition. 1 . is the 

da* 

Hf.nn-to-soiirce current when (he gate-lo-sourcc vofl- 
age is zero. 
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table 1. comparison of tube and semiconductor characteristics. 


R 

eq 


Type 


V B 

(volts) 

'b 

(mA) 

9 m 

(millimho) 

c 

FBK 

(pF) at 

R, 

in 

18 MHz 

R * 

out 

(ohms) 

(noise) 

(ohms) 

6C5 

tube 

80 

6 

2 


2 

50k 

10k 

— 

6J7 

tube 

100 

2 

1 


0.005 

60k 

800k 

10k 

6K7 

tube 

100 

9.5 

1.6 


0.005 

50k 

150k 

15k 

2N2084 

padt 

12 

1 

34 


2.0 

800 

40k 

200 

3N126 

jfet 

12 

2 

1.4 


0.5 

25k 

30k 

— 

3N128 

mosfet 

15 

2 

4 


0.2 

100k 

80k 

— 

3N140 

mosfet 

12 

10 

8 


0.02 

100k 

12k 

<1k 

MPF1D3 

jfet 

12 

2 

3 


2 

100k 

50k 

<2k 

40481 

npn 

7.5 

2 

64 


0.2 

1500 

50k 

200 

if the filter 

input terminals, etc., 

are 

well 

per 

table 2. The 

age source for a 

-m is the 

shielded. 





diode detector, 

but for 

sideband 

and CW 

Second mixer output 

is parallel-fed 

via a 

reception age 

is derived from 

rectified 

choke and 

blocking capacitor to 

the 

filter 

audio, so that the effect of audio 

selectivity 

switch. Either the 3-kHz 

or the 8-kHz band- 

is i 

ncluded. 





pass filter may be selected, the other one 

having its terminals shorted. mode-selection circuit 

The ouput section of the switch (8 pole, The mode switch is shown for 8-kHz band- 

5 position) goes to a feedback amplifier that width a-m reception, with age in operation, 

has a high-impedance input and a gain of The second-gate control voltage on the three 

ten, followed by a potentiometer that per- 3N140's varies from plus three or four volts 

mits the background noise level to be ad- with no signal to negative two or three on 
justed without modifying the age action. The very strong signals. The loop gain is high, 

range of the control is 23 dB. giving a dynamic range of 40 dB. The first 

The stage following the gain control is volt of bias change makes very little change 

the third 3N140. It is coupled by an auto in receiver gain, but the squelch operates 

radio i-f can, padded down from 262 to 250 reliably at that point. 
kHz with additional 22-pF capacitors, to the 
product detector and to an i-f power amplifi- 3gc/lTIVC 

er that drives the diode detector. The two l n the gain control circuit the two dc am- 

i-f cans shape the top of the passband in the plifiers, one to handle age and one for 

8-kHz bandwidth a-m position to get the best manual control, are hooked to a transistor 

weak-signal a-m reception. (This seems to that supplies —4 V to the emitter returns and 

want a rounded top, symmetrical, down which, incidentally, provides temperature 

about 6 to 10 dB at 3-kHz off center.) compensation—a sort of three-transistor 

The front-panel switch selects five com- differential amplifier, 
binations of bandwidth and detection, as A negative voltage supply makes the am¬ 

iable 2. Mode switch setup. 


mode 


function 

FM-8 

AM-8 

AM-3 

SSB 

CW 

REMARKS 

filter (kHz) 

8.5 

8.5 

3 

3 

3 

4 - poles 

200-Hz audio filter 

no 

no 

no 

no 

yes 

1 - pole 

age 

car 

car 

car 

af 

af 

1 - pole 

B4- to SSB and bfo 

off 

off 

off 

on 

on 


audio from 

fm 

a-m 

a-m 

prod 

prod 

1 - pole 

B-f to fm det 

on 

off 

off 

off 

off 

1 - pole for B-f- 


notes: 

1. SB1-SB2 (SB1 is lower 40-75, upper, 20). 

2. Agc-off-mvc functions similar to original. 
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plifier practical and is a handy way to make 
dc level changes without extra stages. Also 
the audio stage operating point is centered 
automatically. 

the audio-derived age voltage is from a 
little three-transistor feed-back amplifier 
(with automatic temperature compensation 
again, this is from the pnp follower driving 
the npn stage) and a voltage-doubling rectifi¬ 
er. The attack time is last lor small changes, 
hut the maximum effect from a single pulse 


there would be worse thumping at the be 
ginning of a sideband transmission If the 
action is too last, there may be a stability 
problem or I here may be a t endency for the 
receiver to block on a burst of QRM nr ig 
nit ion noise. 

For fm reception, a Sprague integrated 
circuit is used, type ULN-2111A. This has a 
bunch of emitter-coupled clipping amplifiers, 
a raiher fancy six-transistor phase detector, 
and various diode bias networks. All that 



Chassis view of the revamped BC-340 shows the new mode switch end two mechanical filters. The power sup¬ 
ply and audio circuits occupy the old dynnmotor space; the plug-m board contains voltage regulating and 
low-level audio circuits. 


is limited by a 0.1-microfarad capacitor that 
couples the amplifier to the rectifier, while 
the rectifier has fifteen microfarads to charge 
up. 

For 1-kHz CW tones, ibis means that 1 Hz 
makes a maximum difference in charge of 
the 15-^F capacitor of 10 V times 0.1 divided 
by 15, or 0.067 V. I lowever, the gain of the 
dc amplifier after that ts considerable, and 
gain changes of 20 to 40 tlB/millisecond can 
be obtained. If action were much slower. 


is required outside is a single-tuned circuit 
fA typical transistor radio i-f can is suitable; 
just use the high Impedance winding, padded 
to frequency with external capacitors and 
some by-pass capacitors.) The output in my 
receiver swung three volts pcak-to-peak for 
a signal moving across ihe fi-ktlz filler. When 
[he signal was injected after I he filter, an 
s-shaped curve about 18-kHz wide was ob¬ 
tained, with an amplitude of more than five 
volts peak-to-peak. 
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For manual gain control (I happen to like 
to dive for the same volume control knob 
whether age is on or not), the age circuits 
are still operative to prevent blocking on un¬ 
expectedly strong signals. The audio gain is 
high enough so that normal operation is in 
a region where the age threshold is not ex¬ 
ceeded. Because of the highly nonlinear con¬ 
trol function (dB versus control volts), tapered 
sections are used for both audio and manual 
rf gain. 


diodes. However, 1N914's could be used in 
place of the 1N457's as well. 

The 2N2925's and 2N2924's were actually 
the green- or yellow-coded 2N2926's, while 
the brown- and red-coded 2926's were used 
for bias compensation diodes, labeled "BD." 
You get 25 assorted for $7.25.** You'll be 
able to use 20 if you're crazy enough to 
copy this receiver. 

There are also two 2N3638's, three 
2N4122's (two in the calibrator, which is 



fig. 3. Integrated-circuit fm detector using a Sprague ULN-2111A. This circuit provides 3 volts p-p output with 
1 millivolt input. 


I found that a dual 100k audio taper unit 
was satisfactory; the value could be as high 
as 250k and as low as 50k with a few minor 
adjustments. A stereo amplifier control should 
be adequate. The reserve gain pot in the 
250-kHz i-f amplifier could have either a 
linear or audio taper such as used in transis¬ 
tor radios. 

The rest of the controls (for age thresholds, 
product detector bias, manual volume con¬ 
trol "off" bias,* and the power supply volt¬ 
age setting) can be any handy trim pot, either 
surplus from computer cards, or small trim¬ 
mers such as the IRC 2CI or Mallory MTC. 

bfo circuit 

High-speed computer diodes such as the 
1N903 or 1N914 are used for the input volt¬ 
age clamp and the bfo crystal switch; I used 
1N457's or 1N629's for other spots, as l had 
them, and I felt that there was less chance 
of generating harmonics with the "slow" 


mounted on the rf panel near the input) and 
six pnp's, which could be either type. The 
first type costs fifty cents; the second eighty. 
(The whole count is 50 transistors and FET's, 
16 various diodes, and one integrated cir¬ 
cuit.) 

audio section 

After the mode of reception is selected 
(with or without narrowband CW filter), the 
signal goes, via the audio gain pot in the 
age position, to a source-follower first audio 
stage, an active low-pass filter, then to a com¬ 
plementary class-B output stage. The squelch 
is in the active filter section. The circuit is 

* Minimum gain setting must be at minimum gain 
bias. 

** Available from Allied Radio Corporation, 100 N. 
Western Avenue, Chicago, Illinois 60680. Order stock 
number 49F3-2N2926. Kit of 25 is $7.25 plus postage. 
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similar to one previously described. 3 

The power regulator, power transformer 
(Triad F-40X 26 V, 1 A center-tapped), squelch 
control, and all except the first audio are 
mounted in the space vacated by the dyna- 
motor. The high-power transistors are on 
the subchassis (insulated by mica washers), 
and the low-power circuits are on a plug-in 
card (very easy to pull out and change). 

selectivity filter 

The CW filter is switched into the sideband 
channel for more selectivity when needed. 
The values seem reasonably satisfactory in 
practice, although the filter performance has 
not been measured in place in the receiver. 
Any other narrowband audio filter of ten or 
twenty thousand ohms impedance should 
do as well. Obviously, an extra amplifier 
stage could be put in the chain if the filter 
on hand was of lower impedance, as the 
method of switching makes this practical. The 
audio age is based on what passes through 
the filter, so it can be used even under quite 
rough conditions. Because the squelch can 
also be used in this mode, I have been able 
to find a fairly weak (though stable) signal 
and park on him with the receiver on 
squelch, waiting to get a chance to work him. 

crystal calibrator 

The crystal calibrator is almost a necessity 
in a wide-range unit such as the BC-348. It 
appears that there would be some benefit in 
making a more complex calibrator, such as 
a 200-50-10 kHz type. Higher output than I 
have is desirable when running some con¬ 
verters, but I haven't done anything about it 
as yet. 

in retrospect 

The main problems with transistors almost 
always stem from overloading and tempera¬ 
ture variation. Resolving the overload prob¬ 
lem takes effort: care to see that the last 
i-f amplifier, for instance, is capable of driv¬ 
ing the second detector hard enough, so 
that the second detector can generate enough 
age voltage, so that it won't be driven too 
hard—like a tight servo system. (The more 
I read that the more I wonder if the Eng¬ 
lish language is up to today's problems.) 


What all this means is that the last i-f stage 
should be designed for best power output, 
not best gain. Also, it means that age can't 
be used on the last i-f stage. (Auto radios 
with one i-f stage have some rather fancy 
solutions to this problem.) 

Another device to reduce overload is feed¬ 
back. At "low" frequencies (under a couple 
MHz for today's transistors), feedback will 
hold gain and bias constant despite tempera¬ 
ture variation. Distortion will also be kept 
low. 



fig. 4. Audio CW filter with nominal 700-Hz center 
frequency and 160-Hz bandwidth. Inductors are Triad 
epoxy-molded toroids with Q of 50 to 80 at 1000 Hz. 
Capacitors are mylar insulated. 

In many places where dc levels are critical, 
differential amplifiers are used. The drift with 
temperature of one transistor is balanced al¬ 
most exactly by another of the same type. 
In other circuits, a diode-connected transis¬ 
tor (or any diode) is used as part of the dc 
bias circuit, so that temperature effects of the 
transistor are pretty well cancelled by the 
diode as it conducts a few mA in the forward 
direction. In class B or AB circuits this is 
particularly important. For best results, the 
bias diodes must be placed physically so that 
they are at about the same temperature as 
the power transistors. 
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STACK THESE UP 
AGAINST THE OTHERS. 

This Complete Heathkit SB-Series 
80 thru 6M Mobile And Fixed Rig 
Costs Only $1936.70 


A bit impractical to install in one place perhaps, but 
so is spending nearly $2000 on new equipment and not 
getting the maximum amount of operating versatility 
and performance. For the price of a few pieces of 
gear from most others, you can buy every piece of 
SB-Series gear Meath makes, plus both mobile and 
fixed power supplies. Many hams don’t have $2000 
handy though, and that's why Heathkit seifs each of 
these pieces separately We believe that you should still 
be able to get a stack of gear without spending a pile 
of money. For performance, versatility and top dollar 
value, the others just don't stack up. 


Th® HP-13 mobile power supply for the SB 101 Si SEMI DA 
All tolid &iate conflmction 7 lbs. 


The HP’23A N*cd power supply For I ho SB 101 & SB 110A. 
Overload and short circuit pro tectum. 19 lbs. 

Th® SB-600 & ohm fished stall on speaker to maich all SB &nd 

HW-Senos gear. C lbs 

The SB-610 Siynal Monitor for Era ns mill ed & rocrnved AM. 
CW. 3$& & RTTY signal 160 6M. M lbs. 

The SB-620 'Scanalv/er'' lor monitoring bend activity up io 
500 kH* each side and bench testing transmittcm. 1 5 Fbs. 

The SB,630 S nation Console wiih 2-1 hr. digital dock, $Wfl 

meter, rose!table timer, etc 10 lbs. 

The SO, 640 External LMQ For the SB 101. Th® 640.101 
combination will Opwuio in five different modes. 9 lbs. 

The SB 101 — world's, lineal BO TO M UrinsceiviM 190 walls 
PEP SSB input, 170 watts CW 23 Fbii. 

The SB-301 — wotfctfs kneel AM, CVYSSB 6 RTTY recover. 
80-10 M +-16 MHr WWV coverage 0.3 uV sensitivity. 25 lbs. 

The SB-401 — world's lirnssl SO-tO M iransmitter ISO waits 
PEP SSB input. 170 walls CW, 36 lbs. 

The SB-200 world's gtoalest 80 10 M linear value. 1200 
wails PEP SSB input 1 U on CW 41 lbs. 

The SB-11 OA thu ham 6 M tig anywhere. 100 wiilli PEP 
SSB mput, 150 w&us CW 23 ihs 


TOTAL $ 1936.70 


NEW Free 1969 Heathkit Catalog 

Now with over 300 kifs described for stereo /hi-fi, 
color TV, electronic organs, amateur radio, marine, 
educational, CB, home & hobby. Mail coupon or 
write KOiiih Co,> Benton Harbor. Michigan 40022, 


HEATH COMPANY, Dopt. 122-1 

Benton Harbor, Michigan 49022 
In Canada, Daystrom Ltd, 
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power supplies 

for 


single sideband 


A power supply's a power supply. Or, so it 
seems. But not all of them suit all pur¬ 
poses. Sometimes extra demands are made 
on power supplies for single-sideband 
equipment—such as wider regulation, mul¬ 
tiple voltages, cleaner filtering, and so on. 
That's why these dc supplies deserve spe¬ 
cial attention. 

First, though, it's just as well to review 
the characteristics common to all power 
supplies. What are they supposed to do, 
and how do they go about it? 

Mainly, the power supplies in ham 
equipment furnish dc voltages to operate 
tubes and transistors in the stages. Circuits 
may need positive voltages or negative 
voltages, high voltages or low voltages, 
high currents or low currents. The power 
supply generally converts 117-volt ac pow¬ 
er to the needed dc voltages. 

A power supply also furnishes certain 
specific ac voltages. The power transformer 
usually develops them with an extra wind¬ 
ing or two; you don't even notice them. 
Without them, though, tubes wouldn't get 
proper heater voltages—and sometimes re¬ 
lays wouldn't work. 

getting the voltage you want 

High-power ssb transmitters naturally 
need much higher voltages than those 



needed by, say, a receiver. Transistor 
equipment needs lower voltages. There are 
three chief methods for getting the exact 
voltage needed by each stage of a trans¬ 
mitter or receiver. 

The first way is by transformer. By speci¬ 
fying transformer windings with certain 
turns ratios, the ssb-equipment designer 
gets a range of voltages. After the ac volt¬ 
ages are at the right values, they can be 
changed to dc. 

A step-down turns ratio of 117:6.3 sup¬ 
plies the ac voltage for most parallel- 
wired tube heaters. If a special transmitter 
tube needs 5 volts or 10 volts for its fila¬ 
ment or heater, a winding ratio of 117:5 or 
117:10 is used. For higher voltages, set-up 
ratios are used. For 350 volts, a turns ratio 
of 117:350. For 1000 volts, a ratio of 
117:1000. 

As the transformer schematic in fig. 1A 
suggests, any reasonable number of wind¬ 
ings can be included in a single housing. 
Also, as % IB illustrates, one winding can 
be tapped to provide several voltages. The 
transformer method is expensive, but it's a 
practical way to step the power-line volt¬ 
age either up or down. 

The second way to get specific dc volt¬ 
ages from a power supply is by resistive 
divider. This method is used after the volt- 
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age has been changed from ac to dc. A fore the dc is fit to use, the ac must be re¬ 
drawback is that you can only step volt- moved; electrolytic capacitors and filter 

ages down—not up. chokes do this. The output of a rectifier- 

The power transformer steps the power- filter combination is relatively pure dc. A 
line ac up to the highest voltage desired. simple example appears in fig. 2. 

After the ac is changed to dc, the dc volt- The dc output voltage depends mostly on 

age is fed to a series of resistors; the volt- how much ac is applied to the rectifier, 

age divides across the resistors, in propor- The line voltage can be applied directly, 

tion to the resistance values. An example as it is in fig. 2, or, ac can be applied from 

of this appears in fig. 1C. a stepup winding of the power transformer 

The third way to get the voltage you to make the dc output voltage greater. Ac 

want is by voltage doubling. This is a trick can also be applied from a stepdown 

that builds voltages up in value, but can't winding, as it is to develop low-voltage dc 

step them down. Voltage doubling is done for powering transistors. 



o © © 


fig. 1. There are several ways to get the voltage you need; by selecting the power transformer, by using a 
tapped secondary or with a resistive voltage divider. 

in the rectifier part of the power supply. 

The result is a dc voltage that's twice the 
value an ordinary rectifier would produce. 

Where especially high voltages are needed, 
tripling and quadrupling can be arranged. 

In commercial ssb equipment, you'll find 
combinations of these three ways. Each 
has certain advantages, and in combina¬ 
tions they are versatile. You should con¬ 
sider all of them for homebrew ssb gear. 

from ac to dc 

Ac power is changed to dc power by 
rectifying and filtering. A tube or semicon¬ 
ductor is the rectifier. Nowadays, semicon¬ 
ductors are more popular. The rectifier con¬ 
ducts on half of each ac cycle and blocks 
on the other half. The output is pulsating 
dc—which is dc voltage with a rather 
large ac component still riding along. Be- 


The dc output is usually slightly higher 
than the measured ac voltage applied to 
the rectifier. The output of fig. 2, for exam¬ 
ple, is about 135 volts dc, although the in¬ 
put is only 117 volts dc. That's because the 
output depends on the peak value of each 
cycle, whereas the measured ac voltage is 
rms or effective value. 

fig. 2. Simple half-wave rectifier circuit 
with capacitive input filter. 


FILTER 

RECTIFIER CHOKE 



FILTER CAPACITORS 
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Rectifiers are broadly categorized as 
half-wave and full-wave. A half-wave cir¬ 
cuit is shown in fig. 3A. Half-wave recti¬ 
fiers waste one half-cycle of the input 
waveform. Both halves are applied, but 
only one can pass. In fig. 3A it is the posi¬ 
tive half, because of the direction the rec¬ 
tifier diode is connected. The filter capac¬ 
itors and choke smooth out the deep rip¬ 
ples, leaving a positive dc voltage with al¬ 
most no ac in it. 

A full-wave rectifier is shown in fig. 3B. 
It requires a center-tapped transformer 
winding; the center tap is grounded in this 
version. 

Considering the whole secondary wind¬ 
ing, each positive half-cycle makes the top 
rectifier conduct and each negative half¬ 
cycle makes the bottom one conduct. With 
respect to ground, however, both rectifiers 
receive a positive half-cycle. The combined 
output of the two rectifiers is a series of 
positive half-cycles. The full input wave is 
used, instead of just half of it. The filters 
make the output nearly pure dc. 

A bridge rectifier circuit is shown in fig. 
4. Th is one is a full-wave system because it 
uses both half-cycles. Compare this trans¬ 
former with the one in fig. 3B, and you can 
see why the bridge circuit is popular. The 
280 volts dc output is obtained with a sim¬ 
ple 250-volt transformer instead of a cen¬ 
ter-tapped 500-volt unit. 

One more circuit that converts ac to dc 
is the doubler. There are two common 
kinds, both shown in fig. 5. The one in fig- 
5A is a half-wave doubler. Consider the 
bottom of the secondary as a reference 
point. The first negative-going half-cycle 
charges Cl through D1; D2 can't conduct 
because the voltage is in wrong polarity. 
Then, the positive half-cycle that follows 
charges C2 through D2. The previously 
stored charge on Cl is in series, and it 
acids to the positive half-cycle. The charge 


that develops across C2 is therefore double 
what it would otherwise be. This doubled 
charge is applied to C2 with each positive 
half-cycle; the negative half-cycle doesn't 
affect C2 at all—only Cl. The output is 
therefore a half-wave pulsating dc voltage 
almost double the peak input ac voltage. 

The full-wave doubler in fig. 5B 
uses both half-cycles. Each positive half¬ 
cycle charges C2, because D2 can conduct. 
The negative half-cycle that follows then 
charges Cl, because D1 can conduct. Each 
half-cycle of the input wave therefore 
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fig. 3. Two types of rectifier circuits—half wave in 
A and full wave in B. 


charges one capacitor or the other. The 
output is taken across the two capacitors 
in series, so their voltages are added. The 
output is a full-wave pulsating dc voltage 
lhat's about double the peak input ac 
voltage. 

the current you need 

Transistors don't require much dc cur¬ 
rent in most uses. Tubes used as small- 


fig. 4. The full-wave bridge 
rectifier. 
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signal amplifiers need more; tubes for re¬ 
ceiver power amplifiers need still more; 
tubes in transmitters need even more; and 
transmitter power tubes need plenty. Single¬ 
sideband linear power amplifiers don't use 
as much average current as their a-m or cw 
counterparts, but their demands during 
modulation peaks are even greater. 

The range of current that single-side¬ 
band power supplies must furnish is wide, 
then. Three factors about a dc power sup¬ 
ply determine its ability to deliver current 
without overheating or damage: the trans- 
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fig. 5. Here are two circuits which rectify the ac 
voltage and double it at the same time. 


former-winding current rating, the rectifier 
current rating and the size of the filter 
capacitors. 

When a designer knows how much cur¬ 
rent all the tube plates and screens draw, 
he picks a rectifier (or group of them) that 
can handle the current. The rectifier must 
also be able to withstand the voltage that 
is to be applied. (Rectifier diodes can be 
wired in series to increase voltage rat¬ 
ings.) Then the designer picks a transformer 
that supplies enough ac voltage to develop 
the maximum dc voltage needed and 
makes sure its windings are rated to carry 
the needed current. 

Filter capacitors store electrons that will 


be drawn from the power supply as cur¬ 
rent. If the filters are small and the cur¬ 
rent drain is heavy, the pulsations of dc 
don't have time to "fill them up;" the cur¬ 
rent keeps being drawn out too rapidly. 
Larger capacitors store more electrons, and 
current demands don't deplete them be¬ 
tween half-cycle pulsations. 

Full-wave rectifier circuits supply more 
current than half-wave circuits. Their pul¬ 
sations are twice as frequent as those of 
half-wave rectifiers, so they keep the filters 
charged up better. 

Voltage doublers reduce the current a 
rectifier can supply. Double the voltage, 
and you halve the current that can be 
drawn safely. From a tripler, only a third 
as much current is available as from the 
same set of components in a simple recti¬ 
fier and filter. 

smoothing it out 

Getting rid of whatever ac is still a part 
of pulsating dc is the job of the filter ca¬ 
pacitors and choke. The larger the capac¬ 
itance is, the less ac gets through. Also, the 
larger the choke inductance, the smoother 
the dc that results. 

Some typical pi-network power-supply 
filter circuits are shown in fig. 6. The input 
filter (Cl) has a lot to do with the output 
voltage. The larger it is, the higher the dc 
—up to nearly the peak value of the in¬ 
put ac. The output filter controls how much 
current the supply can furnish without leav¬ 
ing a lot of ac ripple. 

Aside from their effects on voltage and 
current, the two capacitors cut down rip¬ 
ple. They are low impedances for power- 
supply ac. The input capacitor "shorts" a 
lot of the leftover ac (from the rectifier) to 
ground. The choke has a high impedance 
to ac but passes the dc easily if it's rated 
to carry enough current. The output capac¬ 
itor then "shorts out" any remaining 
ripple. 

When not too much current is to be 
drawn, a wirewound resistor can take the 
place of the choke. Fig. 6B shows the cir¬ 
cuit. The resistor isn't as effective as a 
choke, but it works. 

The diagram in fig. 6C shows the elec- 
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trolytic capacitors "upside down." That's 
because the input is negative pulsating dc. 
Electrolytics are polarized and must be 
connected correctly. The output is smooth 
negative dc. 

dc plus or minus 

The last power-supply characteristic well 
review is polarity. In tube-type ssb re¬ 
ceivers, the voltages needed most are for 
plates and screens; the supplies therefore 
supply positive voltages. Transmitters and 
linear amps sometimes need high negative 
bias voltages, so the power supply must 
develop a negative output voltage. Tran¬ 
sistors, too, may demand negative supply 
voltages—usually much lower than those 
for biasing tubes. 

Polarity of the dc output from a power sup¬ 
ply is determined by the direction in which 
the rectifier is hooked up. If the cathode (bar) 
is on the side toward the output or the 
filter network, the output is positive. If the 
anode is in that direction, the output is 
negative. The sketches in fig. 7A show both. 

There's another way to get negative volt¬ 
ages, without using a separate rectifier. 
It's diagramed in fig. 7B. This is an ordi¬ 
nary positive-output dc supply, furnishing 
105 volts dc across the output filter. The 
bottom of the transformer secondary is not 
grounded; instead, the ground point is be¬ 
tween the two resistors that form a bleeder 
across the output. 

Dc voltages for stages in modern equip¬ 
ment are measured with respect to ground. 
A voltmeter connected to the bottom of the 
bleeder in fig. 7 B measures “5 volts dc. 
Thus, by the simple trick of moving the 
ground point up the bleeder chain, a nega¬ 
tive voltage becomes available. In ssb 
equipment that requires both positive and 


negative supply voltages, this is a favorite 
way to get them. 

ssb power supplies at work 

The power supply in fig. 8, chosen from 
an ssb receiver, demonstrates many of the 
principles just discussed. The main supply 


POSITIVE (+) 
OUTPUT 



NEGATIVE (-) 
OUTPUT 





fig. 7. Positive and negative voltages 
with a single rectifier. 

is a full-wave rectifier. D'l and D2 supply 
positive-going pulsations to a large input 
filter. With 180 volts ac from each trans¬ 
former winding, dc across the output filter 
is 195 volts. 

Some circuits in this receiver need close¬ 
ly controlled voltage. So, a regulator tube 
holds the output at the end of the 4k re¬ 


fig. 6. Pi-network power-supply filters. 
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sistor at exactly 150 volts—no matter how 
much current is drawn from that branch of 
the supply (up to 35 mA). 

Also, a negative voltage is needed. For 
it, the lower half of the secondary winding 
applies 180 volts ac to a resistive voltage 
divider, lowering the ac voltage applied to 



fig. 8. Power supply for an ssb receiver 
demonstrates many of the power-supply 
principles discussed in the test. 


D3. The rectifier is connected for anode- 
output, so it supplies negative pulsations 
to its filter network. The capacitors, con¬ 
nected for negative output polarity, work 
with the 12k resistor as a pi-network filter 
to smooth out any ripple. The output is 
—60 volts dc. 

One transmitter supply uses some in¬ 
teresting variations. Take a look at fig. 9. 
The arrangement is part full-wave doubler 
and part ordinary half-wave rectifier. The 
rectifier diodes are in series merely to in¬ 
crease their voltage rating, so less-expen¬ 
sive diodes can be used. 

First, the half-wave circuit. It consists of 
D3, D4, the full transformer winding, and 
filter C2. When the top of the transformer 
winding is negative with respect to the bot¬ 
tom, D3 and D4 can conduct, charging C2. 
On the next half-cycle, when the top is 
positive-going, they can't conduct. No more 
voltage is added to C2, nor can it dis¬ 
charge through the rectifiers. Thus, a train 
of positive half-cycles applied to C2 de¬ 
velops a positive pulsating dc voltage 


there. The capacitor is large enough that 
the pulsations are mostly smoothed out. 
The output is about 260 volts of fairly 
smooth dc. 

The 200-ohm resistor and C3 form a pi- 
network with C2. The network smooths 
most remaining ripple out of the dc. Also, 
the 200-ohm resistance, with current flow¬ 
ing through it, drops the output voltage for 
this branch to 190 volts dc. 

During the half-cycle when the top of the 
transformer winding is positive, the 180- 
volt center tap is also positive with respect 
to the bottom end. Rectifiers D1 and D2 
can conduct with this polarity of voltage 
applied; they do, and charge Cl. The 
peaks of these positive cycles reach about 
250 volts. Capacitor Cl smooths out the 
pulsations and leaves an average dc volt¬ 
age of about 200. 

With respect to ground, Cl and C2 are 
in series, so the dc voltages across them 
add. The dc output is 260 volts (C2) plus 
200 volts (Cl), or 460 volts. The Cl voltage 
is developed during one half-cycle, and the 
C2 voltage is developed during the other— 
which makes the 460-volt output a result of 
full-wave rectification. 

ssb on wheels 

Single-sideband is a natural for mobile 
operation. Transmitting efficiency is high, 
which helps overcome the limitations of 
available power for the rig. In fig. 10 is a 
supply that converts 12 volts dc to high- 
voltage ac and then back to even higher- 
voltage dc. 


fig. 9. Interesting transceiver power sup¬ 
ply provides three positive voltages. 
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The part of this circuit that turns dc in¬ 
to ac is called the inverter. The two pnp 
transistors are switches that alternate in 
conducting current, each through its own 
part of the primary winding. To begin the 
action, when 12 volts dc is first applied to 
point A, one transistor can conduct slight¬ 
ly better than the other, so it dominates. 
Suppose Q2 is that transistor. 

Current flows through the winding from 
A to B to C and to ground through the 195- 
ohm resistor. A magnetic field builds up 
around those portions of the windings. The 


cyclic rise and fall of the magnetic field 
around the primary winding. That's ac. 

The secondary of this transformer is a 
stepup winding for developing a high ac 
voltage. Its efficiency is improved tremen¬ 
dously by "tuning" it with a capacitor— 
the 470 pF. The output of this winding is 
about 1000 volts ac. 

The rectifier diodes are series-connected 
in two banks of six each, called stacks. 
The series connection divides up the volt¬ 
age across each rectifier. The two stacks 
make a full-wave doubler, producing an 


ALL .002 



!}• 


12 5 
7W 


I2VDC-+- 




X 


IOOvF 


8 



m. 

7W 





fig. 10. Mobile dc-to-dc converter that provides 2300 volts output from a 12-volt battery. 


base of Q2 is a little less positive than the 
emitter, forward-biasing the pnp transistor. 
The collector, being grounded, is the most 
negative. Q2 conducts more and more 
heavily. 

Whenever a magnetic field is expanding, 
it creates a counter-force that's opposing. 
When current in Q2 reaches saturation, the 
magnetic field stops expanding. The coun¬ 
ter-force takes over and starts cutting 
down current in Q2 and in its winding sec¬ 
tions. This reduction continues until Q2 is 
cut off by the reverse-bias that's self-in¬ 
duced by the winding. 

Meanwhile, Q1 was kept cut off by the 
current rise that made Q2 conduct, because 
the two transistors are wired in opposite 
phase from each other. Once current in Q2 
starts diminishing, however, current in Q1 
starts rising. That makes current in the up¬ 
per half of the winding increase, which raises 
the magnetic field around that half. 

The result of this push-pull switching is a 


output of 2300 volts dc. As you probably 
guessed, the capacitors are wired in se¬ 
ries—three to a stack—to permit using 
lower-voltage types. (High-voltage capacitors 
are very costly.) 

The bottom secondary winding is con¬ 
nected to a negative-output rectifier, and 
supplies —130 volts ac. This is a bias volt¬ 
age for the high-power ssb transmitter this 
power supply works with. 

dc power for transistors 

For operating transistors, input ac is first 
stepped down, then rectified. For critical 
transistor circuits, the low dc output may 
also be regulated. The power supply in fig. 
11 combines all three features. 

There's something odd in fig. 11: tran¬ 
sistors are used as rectifiers! This is the 
ac-input version of a supply that can also 
be used on 12 volts dc. The dc mode uses 
transistors Q1 and Q2 for inverting dc to 
ac. They're big, husky transistors, so why 
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not use them as rectifiers, too, and take 
advantage of diode action between their 
bases and collectors? 

After full-wave rectification, the dc is 
smoothed by filter capacitors and a choke. 
The 12 volts dc is fed through R1 and R3 
to the output terminal. The zener diode 
holds the base of Q3 at a steady voltage 
with respect to point A. Because of voltage 
drop across R1, current drawn through R3 
makes the voltage vary at point A—and 
therefore at the base. The variation at the 
base makes shunt regulator transistor Q3 


exactly the same amount—becoming that 
much more positive than normal. Voltage 
at the base becomes more positive, too, but 
not as much, because the voltage (and 
any change) is divided between R1 and 
R2. The net effect is to reduce the forward 
bias of Q2, lowering conduction. That re¬ 
duces conduction in the base-emitter junc¬ 
tion of Q1; that junction is in series with 
the collector of Q2. Less base current in Q1 
raises its emitter-collector resistance. And 
that lowers the output voltage to its nor¬ 
mal value. 



fig. 11. Regulated low-voltage power supply using 
transistors as rectifiers. 


draw more current or less through R3 and 
thus hold the output voltage constant. 

Consider what happens if the output 
voltage (and the voltage at A) rises. The 
base of Q3 goes more positive, and the 
transistor draws more current, reducing 
voltage at the collector (tied to the out¬ 
put). If the output voltage drops, the base 
goes less positive, and Q3 draws less cur¬ 
rent through the series resistors. R3 is ad¬ 
justable to allow for aging of the zener or 
the transistor. 

Transistors are used more often as series 
regulators. The example in fig. 12 has an 
extra transistor, often known as an error 
amplifier. Operation is simple. Transistor 
Q1 is a series resistance, variable by the 
voltage at its base. This variable resis¬ 
tance parallels R2 in series with the out¬ 
put. The resistance of Q1 depends on con¬ 
duction of Q2. An example illustrates how 
output voltage variations are corrected. 

If the 12-volt output goes up, voltage at 
the emitter of Q2 goes up, through D2, by 


Dl 



fig. 12. Solid-state series-type 
voltage regulator. 


If the output goes down, forward bias is 
increased for Q2, and thus for Q1. The 
lowered emitter-collector resistance of Q1 
lets the voltage go back up to normal. The 
result is a steady 12 volts, no matter what 
tries to lower it. 

ham radio 
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Mini paddle installed in a 
homebrew keyer. 



the mini paddle 


Here's a simple 
low-cost keying paddle 

for the new 
electronic key 
you are 
putting together 



Many electromc-keyer circuits have appeared 
in the pasl several years, and they're getting 
so simple that almost anyone can build one, 
However, lhe paddles are a different story. 
The paddle described here requires a mini¬ 
mum of tools and is inexpensive to build, 

construction 

The paddle should be built with good 
quality materials* The arm is built from a sec¬ 
tion of 1/8-inch double-sided epoxy board; 
the sides must be flat and smooth You can 
use aluminum or other material, but it will 
require much more work, 

A pair of guitar pjeks are epoxied 10 the 

Disassembled mini paddle. 








46 S3 february 1969 






paddle to provide a good surface for the 
fingers. By carefully using a drill, the bearing 
holes can be recessed in the edges of the 
epoxy material. For accurate alignment, these 
holes must line up with the holes in the 
bracket. The bearings can be salvaged from 
an old broadcast variable capacitor. Silver 
contacts removed from an old relay are sol¬ 
dered to the copper side of the paddle. 

The bracket should be built from .040 
brass, although tin or steel can also be used. 


side of the paddle. By adjusting the thickness 
of the spring you can adjust the tension to 
your own desires. The spring is soldered in 
place after adjusting. The paddle is held in 
place by bending the bracket to provide 
proper spring tension on the pivot bearings. 

adjustment 

Adjustment of the paddle is quite simple 
once the spring is adjusted for centering and 
soldered to the bracket. The contacts can be 



Mounting holes are located as shown in fig. 1 
and 6-32 nuts are soldered to the inside sur¬ 
face of the bracket. Guide nuts for the con¬ 
tact screws are provided by epoxying two 
plastic or nylon 6-32 nuts to the sides of the 
bracket. The clearance holes must be larger 
than the screw you use and the nuts must be 
centered to prevent shorting. Contact screws 
should be brass with the ends filed round 
and polished for good contact. 

Spring tension is provided by installing a 
strip of brass material as shown in fig. 1. The 
size of strap is approximately 0.13 x 1 inch 
with one end bent and soldered to the flat 


adjusted to provide for proper travel and 
centering. I installed my paddle in an LMB 
139 box along with the Micro TO Keyer de¬ 
scribed in the 1968 ARRL Handbook. 

This keyer was originally built for mobile 
operation but it does a nice job as a second 
unit for the home station. It operates from a 
pair of flashlight batteries and has a built-in 
zener diode and dropping resistor so I can 
plug it into the cigarette lighter in the car. 
The monitor oscillator was eliminated for 
simplicity since my equipment has built-in 
sidetone. 

ham radio 
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Most of us at one time or another have 
dreamed of the ultimate antenna. If your 
ambition, for example, is to accumulate 
new country DX contacts, then this ulti¬ 
mate antenna might be a family of 
rhombics covering 360 derees, or maybe 
a 100-foot telephone pole with full-sized 
Vagis for each band. The majority of us 
never realize the ultimate antenna, unfor¬ 
tunately. As a matter of fact, there are 
hams who, for various reasons, will never 
be able to own and operate any kind 
of antenna but a dipole or one of its rel¬ 
atives. 

It is for these hams that this piece is 
written. I hope they may benefit by my ex¬ 
perience with a restricted-space antenna 
that evolved over several months of testing 
to achieve the best possible compromise. 
In general, those who are restricted to low- 
gain antennas fall into one or more of the 
following groups: 

a. Thin pocketbook city dwellers on 
small lots 

b. Not-so-thin pocketbook city dwellers 
on small lots who have zoning re¬ 
strictions, unreasonable neighbors, 
unco-operative spouses or all three. 

c. Timid city dwellers who are reluctant 
to live under a potential catastrophe 
such as a ton of tubular steel crash¬ 
ing onto the house 
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Many of these hams, knowing it is futile 
to participate seriously in the big contests, 
nevertheless would like to have a chance 
at working some DX at least once in 
awhile. Being antenna dreamers, these 
people have read extensively and have 
learned the pros and cons of horizontally- 
and vertically-polarized low-gain anten¬ 
nas. They have resigned themselves to us¬ 
ing one of the dipole family; what, then, is 
the best possible arrangement they can 
build that will provide at least a fair 
chance in the DX hands? 

Let's assume a typical city dweller has 
room to erect an inconspicuous mast at 


riod on 14 MHz. It is a variation of the 
well-known inverted vee. The conventional 
inverted vee has been covered fairly exten¬ 
sively in the literature 1 ' 2 - 3 -'*. Very little has 
been published, however, on any but the 
standard configuration. 

the inverted vee 

The standard inverted vee is a half¬ 
wavelength dipole with the elements in a 
vertical plane, oriented in an acute angle, 
a, and fed at the apex (fig. 1). The size of 
the apex angle apparently has little effect 
on the vertical radiation pattern but sig¬ 
nificantly changes the horizontal (earth 



HANGER 



■jfX RG ' 8/u balun 


RG-8/U COAX TO 
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fig. 1. Basic inverted-vee antenna. Resonant frequency depends upon height above ground and angle. The 
length of the quarter-wave balun is equal to 246v/f, where v = 0.659 if balun is taped to feedline, and f is fre¬ 
quency in MHz. Center conductor of the “bazooka” section is floating. 


least one-half wavelength high on 14 MHz, 
but doesn't have enough room laterally to 
erect a second mast one-half wavelength 
from the first. Full-sized horizontal dipoles 
are therefore out. He could put up a short¬ 
ened (trap) dipole or one of the verticals, 
say a ground plane. Both have advan¬ 
tages and drawbacks, all of which are 
well known and will not be discussed here. 
Which is most effective, considering the re¬ 
strictions involved? 

Based on these restrictions the antenna 
to be described, while not in the competi¬ 
tion class by any means, is a modified ver¬ 
sion of the dipole family that has given a 
good account of itself over a six-month pe- 


plane) pattern such that the nulls off the 
ends normal to the wire axis tend to fill in 
as the apex angle decreases. (Reference 5 
discusses this at length and provides typi¬ 
cal patterns in both planes for several 
apex angles.) Thus as the antenna ap¬ 
proaches a vertical configuration, its hori¬ 
zontal pattern approaches the omnidirec¬ 
tional pattern of the conventional vertical, 
which is to be expected. Reference 5 shows 
that the vertical pattern is virtually unaf¬ 
fected for antenna apex angles from 120 
to 60 degrees. Reference 6 shows the ver¬ 
tical radiation pattern of any antenna 
should be lower than 30 degrees for effec¬ 
tive DX work. 
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The problem is to somehow get the verti¬ 
cal pattern down into the useful angles 
without sacrificing energy in high-angle 
lobes that penetrate the ionosphere. In¬ 
creasing the antenna height above one- 
half wavelength does lower the vertical 
angle but introduces high-angle lobes that 
are useless for DX propagation. Also, recall 
that we are restricted to one-half wave¬ 
length in height on the 14 MHz band. 

the sloping inverted vee 

After using a conventional inverted vee 
at a height of one-half wavelength on 14 
MHz for a month or so, I wanted to find 
out what would happen to antenna per¬ 
formance if the elements were rotated out 
of the x, y plane. The elements were kept 
broadside to the x, y plane but were ele¬ 
vated at a slope angle, 0 (fig. 2). 

At this point I must emphasize that no 
amount of wishful thinking will alter a 
basic physical fact; namely that the direc¬ 
tional characteristics of a true vee anten¬ 
na cannot be realized with anything less 
than one wavelength on the legs. A vee- 
shaped dipole is exactly that: its shape is 
that of a vee, but there its similarity to a 
vee antenna ends. The inverted vee dipole 
behaves like a dipole regardless of the 
apex angle, a, or the slope angle, 0. How¬ 
ever, it appears that if the slope angle is 


between 40 and 70 degrees, the vertical ra¬ 
diation pattern angle of the lobe in the di¬ 
rection opposite to that in which the vee is 
rotated tends to decrease, so that more 
energy is radiated at angles below 30 de¬ 
grees. 



fig. 2. Geometry of the sloping inverted-vee 
antenna. The angle of the vertical lobe de¬ 
crease in the direction of the arrow. 


table 1. Characteristics of several simple antennas; 
all assumed one-half wavelength high and fed with 
the same current. 



nominal 

vertical 

pattern 

first 


radiation 

useful 

reflection 


resistance 

lobe angles 

zone* 

antenna 

(ohms) 

(degrees) 

(miles) 

horizontal 

dipole 

73 

15-45 

200 -1100 

ground plane 

53** 

10-55 

100 -1500 

inverted-vee 

dipole 

50 

15 - 45 

200 - 1100 

sloping inverted- 

vee dipole 

50 

15 - 25 

600 - 1500 

yagi 

8 

(estimated) 

15-45 

(estimated) 

200-100 


*for F-layer heights between 125 and 250 miles 
**with radials sloped approximately 50 degrees 


tests 

My sloping inverted vee dipole was ori¬ 
ented with the elements broadside to the 
long-path direction (about 230 degrees azi¬ 
muth for my location). Over a six-month 
period, the antenna was used in tests with 
South African, Australian, Southeast Asian, 
and Asian stations on 14 MHz. Approxi¬ 
mately 100 contacts were made. During 
these tests the sloping inverted vee antenna 
was compared with a shortened dipole 
and a quarter-wave ground plane. The 
driving points of all three antennas were 
within about 5 feet of being at the same 
height above ground. The inverted vee was 
rotated out of the x, y plane to slope an¬ 
gles as great as 70 degrees. This was ac¬ 
complished by rigging a lightweight spreader 
between the antenna elements and raising 
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them to various angles with a rope and 
pulley arrangement. An interesting effect 
was that the optimum slope angle seemed 
to depend on the time of day. During band 
openings on 14 MHz (1300-1400 GMT) best 
results were obtained with a slope angle 
of about 40 degrees. As the sun rose, re¬ 
ports improved with the slope angle ap¬ 
proaching 70 degrees. 

results 

No quantitative measurements were 
made. Pattern and field strength measure¬ 
ments are difficult enough even under labo¬ 
ratory conditions; consequently any data 
taken with the limited facilities available 
would certainly be open to question. How¬ 
ever, after testing the antenna under all 
band conditions, the following observa¬ 
tions are offered: 

a. The sloping inverted vee antenna ap¬ 
parently radiates better in the vertical 
plane at lower angles than a dipole 
or ground plane. 

b. The first reflection zone of the sloping 
inverted vee appears to be at a greater 
distance than the comparison antennas. 

c. As a receiving antenna, the sloping in¬ 
verted vee is noisier than the dipole, 
but not as noisy as the ground plane. 

d. Band openings occur earlier by about 
a half hour with the sloping inverted 
vee. 

e. The sloping inverted vee requires less 
space than the dipole, but more than 
the ground plane. 


Based on the data in reference 6 and 
the empirical results of the tests described 
above, the characteristics of the sloping 
inverted vee are summarized in table 1 

conclusions 

In conclusion I would like to point out 
that the sloping inverted vee is not in the 
same league as even a two-element Yagi, 
which has both directional and power 
gain. While the sloping inverted vee does 
seem to have more power at the lower an¬ 
gles than a conventional horizontal dipole, 
it simply cannot compete with a Yagi or 
any other directional array. The estimated 
first reflection zone for the sloping inverted 
vee is based on the curves of reference 6, 
which in turn are based on various vertical 
pattern lobe angles. Experience with this 
antenna seems to indicate performance 
close to the data shown in the table. 

I hope that others will try this antenna 
with different slope angles. It will be very 
interesting to see how it performs at other 
locations and on different bands. 
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■ vtvm modification 


Most garden-variety vtvm's use a 1.5-volt 
flashlight cell for the ohmmeter supply. This 
works fine if you replace the flashlight cell 
every few months. However, the ohmmeter 
becomes very inaccurate on the low-ohms 
scale as the cell's internal resistance in¬ 
creases with age. 

By adding a few parts and making a few 
circuit modifications, it is possible to do 


away with the flashlight cell altogether. The 
diagrams show the modifications l made to 
my Heathkit V-7A. This is typical of all in¬ 
expensive dc vtvm's, whether made by Heath, 
Allied, Eico or RCA. 

As shown in fig. i, the 6.3-volt filament 
voltage is rectified by a conventional bridge 
rectifier; the resulting dc is dropped by the 
18-ohm resistor in conjunction with the regu- 
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lating diodes, giving the required 1.5 volts dc. 

It's necessary to lift one side of the heaters 
from ground before you can use the 6.3-volt 
winding in a bridge rectifier. Heathkit uses a 
printed-circuit board, but the conductors that 
must be removed can be easily scraped off 
the board with a sharp knife. 

Two 1N538's in series act as a zener to 
regulate the output voltage. The barrier po¬ 
tential for a silicon diode is about 0.75 volts; 
two in series regulate the ouput nicely at 
1.5 volts. 

The original flashlight cell was connected 
to a resistor string tapped by the ohmmeter 
range switch as shown in fig. 2. Notice that 
the total resistance switched into the circuit 
is always 10 times the range switch position; 
this assumes cell internal resistance of 0.9 
ohms. The internal resistance of this power 
supply is higher than 0.9 ohms, so it's neces¬ 
sary to lower the 9.1-ohm resistance by shunt¬ 
ing it with 35 ohms as shown. The two in 
parallel then make 6.75 ohms. When this is 

fig. 2. Modifying the ohm- 
meter circuitry for. the 1.5 Vdc 
supply. 
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TO + 1.5 VDC 


resistance, 600-PIV silicon diodes. This saves 
about as much heater current as consumed 
by the 1.5-volt power supply, so the trans¬ 
former is still running cool. 

The diodes that replace the 6AL5 should 
be forward biased slightly to overcome their 
barrier potential. This is done with a voltage 
divider consisting of a 24k- and 150-ohm 

fig. 1. Deriving a 1.5-volt dc 
supply for the vtvm from the 6.3 
Vac filament transformer. Added 
circuitry is enclosed by the 
dotted line. 



fig. 3. How to replace the 
6AL5 with forward-biased sili¬ 
con diodes. 



added to the power supply internal resistance 
of 3.25 ohms, it makes up the required 10.0 
ohms. 

In my vtvm I also replaced the 6AL5 "ac 
volts" rectifier with a pair of high back 


resistor connected to the negative side of 
the original plate supply (fig. 3). Linearity is 
rather poor below levels of 1 volt ac, but 
is still superior to the original 6AL5. 

Fred Brown, W6HPH 
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analyzing wrong dc 
voltages 

There isn't really a "best" way to trouble¬ 
shoot electronic equipment. The most suc¬ 
cessful radio and electronic technicians 
combine several methods. I've already told 
you about some of them in past columns, 
but this month's method is probably the 
most popular; at least it's one you have to 
understand if you expect to repair every 
trouble in all sets. It's called voltage 
troubleshooting. 

Just because this method is the best 
known doesn't mean it's always best. Most 
experienced guys save this one for last. It's 
a quick way to find the faulty part in most 
circuits, once you know which circuit to 
look in. 

You can find which circuit this way too, 
but other ways are usually quicker. I'll use 
this month's column to tell you how to pin 
down faulty parts within the circuits; that's 
the best way to use voltage trouble¬ 
shooting. 

how the method works 

In theory, it's simple. You start by mea¬ 
suring each dc voltage in the suspected cir¬ 
cuit. Then compare yours with correct volt¬ 
ages. Most instruction books and schemat¬ 


ics nowadays include voltages—at least at 
each tube or transistor terminal. When 
your circuit diagram doesn't show the 
working voltages, use past experience and 
your knowledge of how the circuit works. 

When you find a voltage that isn't right, 
figure out what could cause it. If you know 
Ohm's law for voltage, current, and resis¬ 
tance, it's not too hard to decide what's 
causing the voltage to change. In fact, it's 
really cut-and-dried. 

Here's an example. In fig. 1 are two ver¬ 
sions of a simple series resistance circuit 
connected across a dc voltage. The first, 
fig. 1A, shows normal dc voltages (which 
I'll call operating voltages). The other, fig. 
IB, shows voltages you might measure in 
this circuit when you start troubleshooting. 
(Voltages are always measured with re¬ 
spect to ground.) 

There's 150 volts at the R2-R3 junction in 
fig. 1A because current flows through R3 
and R4, causing (says Ohm's law) a drop 
of 100 volts. There's only 10 volts at the 


fig. 1. Simple series resistance circuits show how 
voltages divide according to the various resistance 
ratios. 
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R1-R2 junction because another 140 volts is 
dropped across R2. The same amount of 
current flows in all four resistances, since 
they're in series, so the voltages divide up 
exactly according to the resistance ratios. 

You analyze voltage to determine why 
the two voltages in fig. IB have changed 
from norma). What part has gone bad? 
For some reason, the resistance ratios must 
have changed. Your first step, then, is to 
figure out what the new ratios are. 

If you consider the 45 volts, you can 
quickly see two possibilities. The first is 
that R1 or R2 may have lowered in resis¬ 
tance. In that case, the ratio of their re- 


the ratio of voltages, and then figure out 
what's causing the foulup. 

voltage dividers and ohm’s law 

You should already know about series 
and parallel circuits.* For voltage trouble¬ 
shooting, you must know how voltages 
spread themselves around both kinds of 
circuits. 

Start with the simple series circuit in fig. 
2A. The resistors divide the voltage in pro¬ 
portion to their values. The ratio is 2:2:1. 
The R1-R2 junction is 80 volts below the 
supply voltage, and the R2-R3 junction is 
80 volts further below supply voltage. Look- 



fig. 2. How voltagos change when one of the resistance values changes. 


sistance to that of R3-R4 lowers, and less 
of the total voltage appears across them. 
On the other hand, the combined resis¬ 
tance of R3-R4 may have increased. That 
causes more voltage to drop across them 
and lowers the voltage reaching the top of 
R2. 

So .. . which is it? The clue lies in the fact 
that both the R1-R2 voltage and the R2-R3 
voltage have kept the same ratio between 
them, even though both are lower than 
normal. The 3 is to 45 as the 10 is to 150; 
the ratio is still 1 to 15. The trouble is more 
likely in R3 or R4; the value of one of them 
must have increased. To find out which 
one, you could disconnect them and mea¬ 
sure with your ohmmeter. However, further 
voltage measurements will show one of 
them still retains its ratio to R1-R2; the 
other is the culprit. 

This simple reasoning is the basis for 
analyzing all dc voltages in series circuits. 
You study the ratio of resistances, compare 


ing at the divider string from the stand¬ 
point of the voltmeter: R1 drops 80 volts, R2 
drops 80 volts, and R3 drops 40 volts. The 
2:2:1 ratio is maintained. 

Look what happens when you alter a re¬ 
sistance value, as in fig. 2B. Some addi¬ 
tional resistance, in the form of R4, has 
been added in parallel with R2. It lowers 
the effective resistance; R2 and R4 are both 
500 ohms, so their parallel value is 250 
ohms. 

That goofs up the resistance ratio of the 
divider chain. It has become 2:1:1, and the 
voltage divides accordingly. R1 drops 100 
volts, R2 (with R4) drops 50 volts, and R3 
drops 50 volts. So you see, among the volt¬ 
ages, the 2:1:1 ratio holds. 

Now, imagine that fig. 2C is a supply cir¬ 
cuit in a solid-state receiver. The variable 
resistance labeled Q1 is actually the tran- 

* For a rundown on series and parallel circuits, check 
the repair bench in the November, 1 %8 and January, 
1969 issues of ham radio. 
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sistor, but imagine it here as a variable 
part of the divider chain. Voltages are 
shown at each point in the circuit, so you 
can figure out the voltage (and therefore 
resistance) ratio. Across R1 is dropped 2 
volts, across Q1 is dropped 8 volts, and 
across R2 is dropped 10 volts. The ratio is 
1:4:5. 

Suppose something goes wrong with the 


sistance in the dc supply circuit. In fig. 3A, 
the tube bias can be changed by moving 
the slider on cathode-bias resistor R1. The 
equivalent circuit shows the tube's dc plate 
resistance as variable; it actually changes 
as bias is varied. 

Simplicity is lost because R1 is also in 
series with the dc supply circuit. When the 
resistance of VI changes, current changes 


fig. 3. Tube and transistor 
circuits with their equivalent 
resistive divider circuits. 
Drawing the equivalent circuit 
makes it easier to see the 
effect when a resistance 
changes. 
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circuit. You measure with your voltmeter 
and find the voltages changed to those in 
fig. 2D. Now you have a new ratio of volt¬ 
ages. Across Rl is 2.7 volts, across Q1 is 4 
volts, and across R2 is 13.3 volts. If you 
write out the new ratio, however, it's easy 
to see where the voltage changed. The new 
ratio is 2:3:10. The old ratio was 1:4:5, 
which is the same as 2:8:10; only the cen¬ 
ter factor has changed. That means the re¬ 
sistance of Q1 has changed, and that's 
what upset the voltages. 

tubes and transistors as dividers 

Thinking in ratios is easy as long as the 
resistances are simple. Experience will 
teach you to estimate voltage ratios close 
enough to give you a clue to which resis¬ 
tance has changed. 

Tube and transistor circuits are different. 
Changing the bias on either one alters its 
dc operation. Fig. 3 suggests how to con¬ 
sider a tube or transistor as a variable re- 


all through the series circuit. A change in 
current through Rl affects bias, which 
changes the plate resistance of VI, which 
changes the bias, which changes plate re¬ 
sistance, and so on. The interdependency 
makes it tough to treat tube circuits as 
simple ratio dividers. 

This problem also applies to transistor 
circuits; to see how, check fig. 3B. Bias for 
the transistor base is controlled by voltage 
divider R1-R2; since Rl is a potentiometer, 
bias is variable. As bias is altered, more 
or less current can flow in the emitter-col¬ 
lector circuit. The effect is to alter the 
emitter-collector resistance, represented by 
resistance Q1 in the equivalent circuit. 

To see how complex these relationships 
can get, take a look at fig. 4 —which is 
from a ham rig. Equivalent diagrams are 
shown at the right. The one at fig. 4B is for 
the collector circuit; it's the supply path 
through which dc must flow. Fig. 4C is the 
dc supply path for the base circuit; it in- 


56 february 1969 



eludes the biasing voltage divider and the 
path through the base-emitter junction 
(shown as QIB), Notice that R3 is in this 
path, too, so a current change in either 
circuit changes voltage across that resistor. 

Finally,, notice the combined paths in 
fig. 4D. Figuring out ratios in this circuit 
would be hard even if the resistances were 
simple. But they're complicated by the fact 


plate voltage is low—only 180 volts instead 
of the 235 called for by the schematic. All 
the other voltages are about normal. 

The plate-supply circuit (all the resis¬ 
tances plate current flows through) includes 
R5, one winding of T1, the tube itself, and 
R3. One at a time, consider the effect each 
part might have on voltage at the plate. 
Redrawing the equivalent plate-supply cir- 
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fig. 4. Transistor audio amplifier; the equivalent circuits in B, C and D show how difficult it is to use the 
"ratio analysis" method of troubleshooting a stage like this. 


that the value of QIC is controlled by QIB 
It's just too much to be simple. 

a step at a time 

However—and this is important—even 
though you can't use voltage ratios di¬ 
rectly in tube and transistor circuits, you 
can apply the principles. Concentrate on 
one supply path at a time. At each step, 
ignore the effects of other circuits. When 
you decide what happened in one circuit, 
then study whether another could possibly 
be causing the voltage upset. 

The transmitter tube stage in fig. 5 is 
an easy example. Suppose you've traced 
trouble to this stage and have decided to 
measure voltages to help you find the 
faulty part. Your voltmeter tells you the 


cuit, as in fig. 5B, can help. Here's the way 
your thinking might go. 

If R3 increases in value, the dc voltage 
at the plate increases instead of decreases. 
If R3 decreases, the voltage lowers—but 
only a little, since R3 is such a small por¬ 
tion of the over-all circuit. Conclusion: for¬ 
get about R3 for the moment. 

If the VI resistance increases for some 
reason, the dc plate voltage goes up. How¬ 
ever, if the resistance of VI decreases, the 
plate voltage goes down—exactly the 
symptom you have. Conclusion: the trouble 
might be VI. But don't rush; check other 
possibilities, too. 

The winding of Tl can be eliminated as 
a suspect. If it opens, there's no voltage at 
the plate of VI. If it shorts, it changes the 
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voltage too little to notice. If the value of 
R5 increases, the voltage at the plate of 
VI lowers. So, there's another suspect! If 
R5 decreases in value, voltage goes up in¬ 
stead of down. 

Now you have two suspects: R5 may be 
too high in value, and the dc plate resis¬ 
tance of VI may be too low. Which is it? 
To find out, you measure other voltages in 
the stage. 

For example, what about screen voltage? 
It's okay. If the dc plate resistance of VI is 
low, it also lowers the voltage at the 
screen. But it isn't, so the tube and its bias 
must be okay. (You can make sure bias is 
okay by measuring it.) That leaves R5 as 
the likely culprit. You can just measure R5 
with your ohmmeter to be sure. 

Suppose you do find the screen voltage 
low, too. What then? The cause is prob¬ 
ably the tube plate resistance, but what's 
making it low? It could be a faulty tube or 
incorrect bias. Either one could allow too 
much current through the tube, and thus 
lower the plate resistance. So—measure 
the bias. If it's okay, the tube must be bad. 
If the bias is wrong, go into that circuit to 
find out why. 

The secret to voltage troubleshooting is 
to take it step-by-step, through each por¬ 
tion of each dc supply circuit. Decide how 
each part could cause the symptom you 
observe. If you trace the trouble to the 
tube or transistor, find out if it's bad or if 
some other operating voltage is making it 
work wrong. 

voltages in transistor stages 

The emitter-collector resistance of a 
transistor is set by bias current in its base 
circuit Just as plate voltage of a tube may 
change if bias isn't right, the collector volt¬ 
age of a transistor can, too. 

The transistor stage in fig. 6 is a mixer 
from a communications receiver. The tran¬ 
sistor is a pnp type, forward-biased (base 
more negative than emitter). Dc operating 
voltages are listed alongside the emitter, 
base, and collector leads. 

Suppose you trace trouble to this stage 
and want to use voltages to pin down the 
faulty part. The voltages you measure are 


listed in fig. 6B. Collector voltage is high, 
suggesting there's either too little current 
through the transistor or R4 is too low in 
value. If the trouble is in R4, however, the 
voltage at the emitter must also be high 
—and it isn't. 

The best clue is the positive voltage on 
the base. It is reverse-biasing the base- 
emitter junction, cutting off collector cur¬ 
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fig. 5. Driver circuit, with normal voltages listed at 
tube pins; B show equivalent plate circuit for 
troubleshooting. 


rent through the transistor. You have to 
trace the cause of the positive voltage. As 
it turns out, the other side of Cl goes to a 
positive voltage in the preceding stage; Cl 
is leaky, and is coupling the wrong volt¬ 
age to the base of this stage. 

Suppose, instead, you measure the volt¬ 
ages listed in fig. 6C. Collector voltage is 
very low, meaning there's excess current 
through the transistor or R4 is too high in 
value. Base voltage is a little low, but it 
hasn't changed nearly as much as emitter 
voltage has. Study the circuit. You'll quick¬ 
ly decide that C2 has shorted. With 1.9 
volts of forward bias (instead of the nor¬ 
mal 0.5), the transistor conducts heavily, 
lowering collector voltage drastically. The 
base voltage is slightly lower because of 
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the effect of heavy current through R4; the 
base also gets its voltage from R4, through 
R2. 

There are countless transistor-supply cir¬ 
cuits you can analyze this way. Always 
pick out the voltage that is most wrong 
and find the cause of that first. Then check 
possible causes of other wrong voltages. 
The part that's common to all symptoms is 
usually the culprit. Each symptom leads to 
another, and ultimately to the bad part. 



fig. 6. Transistor receiver mixer circuit; B and C 
show voltage changes in different troubleshooting 
situations. 


testing individual components 

This is the end of the line in trouble¬ 
shooting—testing individual parts to make 
sure they're really bad. Resistors you can 
test most easily with your ohmmeter. Capac¬ 
itors and other parts can be evaluated by 
voltage tests, combined with simple logic. 

For example, Cl in fig. 6 should couple 
absolutely no dc voltage from the preced¬ 
ing stage. If the preceding voltage is posi¬ 
tive and the capacitor is leaky, the result 
is what you get in fig. 6B. If the preceding 
voltage is negative, it could drive the base 


of the transistor more negative and wind 
up reducing collector voltage. Leakage 
through Cl might also reduce voltage on 
the preceding stage—another helpful clue. 

There is a reasonably sure way of test¬ 
ing a capacitor for leakage. If one end is 
connected to a dc voltage, disconnect the 
other end. With a vtvm, measure there for 
dc voltage. If voltage is leaking through, 
the voltmeter will detect it. 

Don't be misled by electrolytic capac¬ 
itors. They have a certain amount of nat¬ 
ural leakage. Best way to check them is 
with an ohmmeter; leakage resistance 
should be no lower than 30k-50k. 

You can tell if a coil or transformer 
winding is open, provided the winding car¬ 
ries dc. just check at both ends with your 
voltmeter. An open winding blocks voltage. 

You can also check for leakage between 
windings. Make sure one winding is con¬ 
nected to a voltage. With the other wind¬ 
ing completely disconnected from any cir¬ 
cuit, touch the voltmeter probe to one of its 
wires. If you measure any dc voltage, the 
transformer is leaky. 

Any short-circuit can be pinned down 
quickly, just find where the voltage has 
dropped completely to zero. This technique 
is most helpful in supply circuits where a 
filter, a bypass, or a high-power tube has 
shorted. 

coming up 

Awhile back, I promised to devote a col¬ 
umn to using an oscilloscope at the re¬ 
pair bench. Apparently more amateurs 
own scopes than I suspected, but not many 
know how to use them or for what. Of 
course, everyone (just about) knows how to 
hook a scope up as a modulation monitor 
for a-m. But there are dozens of uses for 
this versatile instrument. 

In my next column, I'll tell you exactly 
what a scope is and how to go about using 
it most easily. I'll give as many uses for 
it as I have room for. Then, after that, 
I'll explain a bunch of troubleshooting 
shortcuts with the scope. If you've got one, 
you should be using it on the repair bench. 
It's doggone handy. 

ham radio 
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Take a good first look 
at the new HQ-200general 
coverage receiver. 

At only $229.50, you won’t need a second look. 
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propagation 


predictions for february 


Special 
tabular predictions 
for the ARRL 
DX contest 




In the past, I have stayed clear of forecasting 
propagation for specific paths. Forecasts 
have been as general as possible so they 
would be applicable to any of the paths that 
might interest a radio amateur in the 48 
contiguous United States. The format I have 
used makes you "work," but you will have 
obtained more accurate forecasts than other¬ 
wise possible.* 

Still, the idea of doing a special propaga¬ 
tion forecast for the CQ World-Wide DX 
contest or ARRL DX contest with the opening 
times tabulated for many paths was appeal¬ 
ing. Now this copy is way past deadline, a 
$46 computer bill has just arrived and I am 
swearing off! No more worldwide specific 
path predictions—at least until the next 
contest. 

If you live within 300 miles of San Fran¬ 
cisco, Dallas or New York City, and are in¬ 
terested in knowing when ten meters will 
open to Outer Mongolia or 18 other rare or 
not-so-rare DX spots, the tables are made for 
you. If you live between San Francisco and 
Dallas or between Dallas and New York you 
can interpolate the path opening times on 
many paths (not over the pole). Otherwise, 
the usual propagation charts, fig. 1 through 
6 will suffice. 

* If you're looking for propagation forecasts for 
specific paths, there's always George Jacob's propaga¬ 
tion column in CQ magazine. 
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Upon investigating the tabular path predic¬ 
tions, you will find, perhaps to your amuse¬ 
ment, that opening times have been pre¬ 
dicted to the nearest third or half hour on 
the lower bands and to the nearest 10 min¬ 
utes on the higher bands. 

Lest I be called to task for missing an 
opening by 10 minutes, or even a half hour, 
let me point out that these are median 
short-path predictions, and that variations of 
10 percent in path muf and 10 dB in absorp¬ 
tion are not uncommon. In addition, station 
parameters may vary considerably from the 
100 watts CW or 800 watts ssb assumed on 
80 through 10 meters (12 watts CW or 100 
watts ssb on 160 meters). Antenna gains 
(over an isotropic radiator) are assumed to 
be —6 dB for 160 and 80 meters, zero dB for 
40 meters and +6 dB for 20 meters and high¬ 
er frequencies. 

The ten-meter paths with no openings 
forecast may be open during the middle of 
the fifteen-meter opening—because the muf 
may be higher than forecast or the long path 
may be "open." There are some marginal 
openings forecast that may catch the average 
contester unaware, such as the reopening 
of 20 meters after midnight or the short over- 
the-pole openings near dawn and dusk. 

The serious contest operator will be pre¬ 
pared with at least one extra receiver, per¬ 
haps a panadapter, as well as a receiving an¬ 



LOCAL TIME 

fig. 2. Maximum range to the north from 38° N 
latitude due to absorption. 


tenna for checking "dead" bands. However, 
a serious weekend of bandscanning and lis¬ 
tening just before the big contest can give 
more useful propagation information than 
any column. 

six meters 

Judging by last fall's openings, six meters 
is expected to open infrequently (about 10 


fig. 1. Maximum usable fre¬ 
quency curves for Februery 
1969 based on 90° W longi¬ 
tude. 
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MAXIMUM RANGE (MILES) MAXIMUM RANGE (MILES) 



NE 0 2 4 6 8 to 12 IA 16 18 20 22 24 

NW 24 22 20 18 16 !4 12 10 8 6 4 2 0 


LOCAL TIME 

fig. 3. Maximum range to the northeast (top time 
scale) and to the northwest (bottom time scale) 
from 36° N latitude due to absorption. 
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SW 24 22 20 18 16 14 12 10 8 6 4 2 0 

LOCAL TIME 

fig. 5. Maximum range to the southeast (top time 
scale) and to the southwest (lower time scale) from 
38° N latitude due to absorption. 
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LOCAL TIME 

fig. 4. Maximum range to the east (top time scale) 
and to the west (bottom time scale) from 38° N 
latitude due to absorption. 



LOCAL TIME 

fig. 6. Maximum range to the south from 38° N 
latitude due to absorption. 
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table Y. Predicted 160-meter openings during the ARRL DX 
contest (time in GMT). 



San 



to 

Francisco 

Dallas 

New York 

from 




XE, Mexico City 

0200-1200 

0030-1240 

0100-1100 

KP4, Puerto Rico 

0200-1000* 

0100-1000 

2300-1000 

KH6, Oahu, Hawaii 

0500-1400 

0500-1300* 

0500-1100* 

KL7, Anchorage 

0400-1400 

0300-1300* 

0300-1100* 

KZ5, Canal Zone 

0200-1100* 

0100-1100 

0000-1000 

OX, Thule, Greeland 

0200-1230* 

0100-1130* 

2300-1000 

PY, Belem, Brazil 

0200-0900* 

0100-0900* 

2300-0900* 

ZK1, Cook Islands 

0600-1400* 

0600-1200* 

0900-1100* 


* Difficult path, ID dB additional circuit gain assumed. 


table 2. Predicted 80-meter openings during the DX con¬ 
test. 


to 

San 

Francisco 

Dallas 

New York 

from 

XE, Mexico City 

0120-1320 

0000-1330 

0000-1200 

KP4, Puerto Rico 

0100-1100 

2340-1120 

2220-1040 

KH6, Oahu, Hawaii 

0400-1500 

0400-1320 

0500-1200 

KL7, Anchorage 

0230-1530 

0200-1320 

0200-1200 

KZ5, Canal Zone 

0100-1140 

0000-1140 

2320-1100 

OX, Thule, Greenland 

0140-1330 

0000-1220 

2200-1100 

PY, Beiem, Brazil 

0100-0930 

2340-0900 

2200-0920 

ZK1, Cook Islands 

0530-1440 

0500-1300 

0800-1200 


table 3. Predicted 15-meter openings. 


to 

San 

Francisco 

Dalles 

New York 

from 

UA0, Sakhalin Island 

2040-0400 

2120-0300 

2200-0010 

JT1, Ulan Bator 

2300-0340 

0000-0220 

None 

UA, Astrokhan 

None 

1440-1600 

1220-1640 

UA, Leningrad 

None 

1400-1600 

1220-1740 

DL, Berlin 

1600-1800 

1330-1900 

1140-1910 

VU2, New Delhi 

0130-0320 

1430 

1240-1440 

VS1, Singapore 

2240-0440 

2320-0300 

1420-2000 

DU, Manila 

1730-1900 

2200-0440 

1620-1930 

2200-0300 

2240-2320 

KGS, Guam 

2000-0500 

2010-0310 

2020-0120 

VK6, Perth 

2100-0530 

2130-0350 

2130-0140 

VK3, Melbourne 

1940-0550 

1530-1830 

1930-0420 

1940-0220 

VR2, Fiji Islands 

1720-0550 

1700-0420 

1410-1540 

1630-0220 

F08, Tahiti 

1600-0630 

1500-1520 

1530-0500 

1410-1520 

1530-0220 

CE2, Valparaiso 

1400-0340 

1240-0440 

1130-0120 

PY1, Rio De Janeiro 

1340-0300 

1200-0200 

1050-0040 

ZD8, Ascension Island 

1330-0220 

1140-0100 

1020-2340 

CR6, Angola 

1400-0200 

1140-0040 

1010-2300 

ZS1, Capetown 

1400-2200 

1140-2220 

1010-2320 

5R8, Tananarive, 

1600-0240 

1210-0020 

1020-2300 

Malagasy 





table 4. Predicted 20-meter openings. 


to 

San 

Francisco 

Dallas 

New York 

from 

UA0, Sakhalin Island 

1930-0540 

2000-0500 

2020-0300 

JT1, Ulan Bator 

2140-0510 

2240-0440 

2320-0300 

UA, Astrokhan 

1530-1700 

1240-1730 

1200-1240 

1100-1800 

UA, Leningrad 

1500-1900 

1240-2030 

1100-2010 

DL, Berlin 

1430-2030 

1220-1230 

1030-2100 

VU2, New Delhi 

0130-0320 

1430 

1240-1440 


1540 

1330-1600 

1120-1620 

VS1, Singapore 

2150-0630 

1500-0440 

1200-0220 

DU, Manila 

1630-2030 

2200-0440 

2200-0300 

2240-2320 


1630-1830 

1500-1800 

1330-1800 

KG6, Guam 

1900-0650 

1910-0520 

1940-0350 


1610-1620 

1450-1610 

1400-1620 

VK6, Perth 

1600-2140* 

1440-2000* 

1400-0400 

VK3, Melbourne 

0200-0730 

1530-2000* 

0200-0610 

1400-1900* 

1250-1830* 


0120-0900 

0000-1050 

0030-0430 

VR2, Fiji Islands 

1530-0900 

1400-1050 

1250-1840* 

F08, Tahiti 

1500-1140 

1340-1100 

2200-0430 

1240-0440 

CE2, Valparaiso 

1300-1030 

1200-0900 

0700-0900 

1020-0800 

PY1, Rio De Janeiro 

1240-0600 

1050-0830 

0940-0720 

ZD8, Ascension Island 

1240-0430 

1030-0800 

0920-0200 

CR6, Angola 

1300-0430 

1030-0600 

0440-0620 

0920-0130 

ZS1, Capetown 

1830-0430* 

1030-1240* 

0300-0530 

0920-1140* 

5R8, Tananarive, 

1420-0420 

1740-0230 

0520-0800 

1400-0500* 

1620-0130 

0300-0600 

0920-0120 

Malagasy 



0300-0400 


* Between this and next time period, path may be open for 
10-dB additional circuit gain or via long path. 

• With 10-dB additional circuit gain, San Franeisco-Cape- 
town path open as eariy as 1240 GMT; Dallas-Tananarive 
open as early as 1110 GMT. 


percent of the days of the month) from mid- 
latitudes (38° N.) to the south of east and 
west, with more frequent openings to lati¬ 
tudes below 33° N. Transequatorial forward 
scatter during evening hours may furnish your 
best chance to work 50 MHz DX. The TE 
season should open on February 10 at 8 PM 
local time. 

Late word on 50 MHz beacon frequencies 
and liaison schedules may be obtained by 
sending me a self-addressed stamped post¬ 
card. 

ham radio 
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table 5. Predicted 40-meter path openings during the 
ARRL DX contest. 


to 

San 

Francisco 

Dallas 

New York 

from 

UA0, Sakhalin island 

0500-1740 

0500-1520 

0500-1420 

JT1, Ulan Bator 

0720-1740 

0800-1500 

0800-1330 

UA, Leningrad 

2300-1530 

2200-1020 

2020-0100 

1900-0920 

DL, Berlin 

2240-0900 

2140-0900 

1900-0900 

VU2, New Delhi 

1120-1700 

1200-1400 

1920-0240 

VS1, Singapore 

1000-1740 

2300-0220 

1000-1540 

1930-2330 

DU, Manila 

0820-1740 

0820-1540 

0900-1500 

KGG, Guam 

0640-1740 

0700-1540 

0700-1430 

VK6, Perth 

0930-1620 

0930-1500 

1000-1340 

VK3, Melbourne 

0800-1600 

0800-1420 

0800-1320 

VR2, Fiji Islands 

0500-1600 

0500-1440 

0520-1330 

F08, Tahiti 

0320-1520 

0300-1420 

0300-1320 

CE2, Valparaiso 

0040-1120 

2340-1100 

2240-1030 

PY1, Rio De Janairo 

2340-0940 

2300-1000 

2130-0930 

ZD8, Ascension island 

2330-0800 

2200-0800 

2040-0800 

CRB, Angola 

2300-0600 

2200-0600 

2000-0620 

ZS1, Capetown 

0000-0520 

2230-0520 

2030-0520 

5R8, Tananarive 

2300-0320 

2200-0340 

1940-0340 


table 6. Predicted 10-meter openings. 


to 

San 

Francisco 

Dallaa 

New York 

from 

UA0, Sakhalin Island 

2200-0300 

2250-0100 

None 

JT1, Uan Bator 

0030-0215 

0030 

None 

UA, Astrakhan 

Nona 

1430 

1350-1440 

UA, Leningrad 

None 

1430 

1350-1440 

DL, Berlin 

None 

1430-1630 

1320-1700 

VU2, New Delhi 

0200 

None 

1340 

VS1, Singapore 

2320-0300 

0000-0040 

None 

DU, Manila 

2230-0300 

2250-0110 

None 

KG6, Guam 

2040-0320 

2050-0200 

2100-2300 

VK6, Perth 

2240-0400 

2250-0230 

2250-2330 

VK3, Melbourne 

2200-0420 

2150-0250 

2310-0100 

VR2, Fiji Islands 

1840-0420 

1810-0250 

1820-0100 

FD8, Tahiti 

1710-0430 

1630-0300 

1620-0100 

CE2, Valparaiso 

1450-0200 

1320-0140 

1210-2340 

PY1, RIo De Janeiro 

1430-0100 

1240-0030 

1140-2300 

ZD8, Ascension Island 

1440-0050 

1220-2330 

1110-2200 

CR6, Angola 

1510-0020 

1230-2300 

1120-2120 

ZS1, Capetown 

1430-2100 

1220-2100 

1110-2130 

5R8, Tananarive, 

1800-2300 

1310-2230 

1130-2100 

Malagasy 





U. S. and CANADIAN HEADQUARTERS for 

Radio Society of Great Britain Publications 


RADIO COMMUNICATION HANDBOOK — Fourth Edition 

A complete guide to virtually all technical aspects of amateur radio. Over 50% 
larger than previous editions. Prepared by the outstanding amateurs in Great 
Britain today. 832 pages Hardbound $11.95 


AMATEUR RADIO TECHNIQUES — Second 
Edition — J. Pet Hawker, 03VA 

Brand new edition — completely re¬ 
vised. A very complete collection of short 
articles and ideas covering many aspects 
of amateur radio. Includes new enlarged 
semiconductor section. 

160 pages Only $2.50 

AMATEUR RADIO CIRCUITS BOOK 

Completely revised — new edition. A 
very handy collection of many useful cir¬ 
cuits for amateur use. Loaded with good 
ideas for that new converter, exciter or 
other project you are working on. 

Only $2.00 


RADIO DATA REFERENCE BOOK — Second 
Edition — By Q. K. J as sop, G6JP 

Here in a 148 page book is one of the 
most complete compilations of radio and 
electronic charts, nomographs, formulas and 
design data available. Whether you design, 
buila or operate, this is a book you must 
have. Only $2.50 

WORLD AT THEIR FINGER TIPS — John 
Clarricoats G6CL 

A very interesting history of the RSGB 
and of amateur radio in Great Britain. It 
gives a great insight into the development 
of our hobby. Paper beck edition $2.50 

Deluxe edition $6.50 


ALL PRICES POSTPAID IN U. S. A. AND CANADA 

book division 



Box 592 * Amherst, New Hampshire 03031 

"WE ARE THE EXCLUSIVE NORTH AMERICAN DISTRIBUTOR FOR RSGB PUBLICATIONS — 

DEALER INQUIRIES INVITED" 
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low-noise, 

high-gain 

transistor 


preamplifier 


An accessory 
for your receiver 
to improve 
s/n ratio 
from 

80 through 6 meters ... 

featuring 
the 2N2360 transistor 



"Easy to construct" and "low cost" could 
very well be added to the title of this article. 
The preamplifier described is a solid-state 
device that will give excellent performance 
on any single band from 80 through 6 meters. 
Its size, construction, and cost allow it to be 
incorporated easily into any fixed station, 
mobile or portable receiver or transceiver, 
or to be used as a mast-mounted antenna 
preamplifier. 

A good preamplifier can perform wonders 
in improving reception and reducing fading 
on bands where a receiver lacks gain, sensi¬ 
tivity, or has an image problem. This is true 
even with expensive receivers in single 
bands, because compromises must be made 
with receiver r-f stage design due to band¬ 
switching requirements and other constraints. 

A good preamplifier should have several 
important characteristics, the main ones prob¬ 
ably being a low noise figure and reasonable 
gain. Unless the preamplifier noise figure is 
less than that of the receiver's r-f stage, the 
preamplifier self-generated noise will mask 
signals that the receiver itself is capable of 
detecting. Even in the case where the pre¬ 
amplifier noise figure is not less than that of 
the receiver, the gain provided by the am¬ 
plifier will still reduce the effects of fading 
and raise the level of all signals. 

For best weak-signal reception, low noise 
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figure in a preamplifier is more important 
than gam, and most preamplifier designs sac¬ 
rifice some gain lo achieve low-noise per¬ 
formance. Reasonable selectivity to reject 
out-of-band signals and good overload re¬ 
sponse are secondary characteristics. If the 
receiver front end has good selectivity and 
overload response, then M's not necessary to 
incorporate these features in the preamplifier, 
thus keeping it simple. 

The preamplifier can be easily wired to be 


vhf-TV circuits, and although it may not seem 
as striking as an FET, it performs very well, 
allows very simple circuitry, and has recently 
become reasonably priced. (It formerly cost 
between $1.40 and $2.40 from most Sprague 
distributors.} if the 2N2360 is not available 
locally, a "'substitute" type transistor should 
not be used, because ils high-frequency per¬ 
formance will rarely match that of the 2N2360 
as far as gain and noise figure are connected. 
The 2N2360 will provide a 4- to 7-dB noise 


fig, 1, Broadband preampli¬ 
fier, Although coit values 
shown here ere lor ID 
meters, basic circuit may be 
used on any band from 80 
to E meters. 
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switched out of the antenna circuil if the 
preamplifier becomes saturated bv strong 
signals. Achieving good overload perform¬ 
ance uvng a simple circuit and a transistor is 
particularly difficult, although rarely does any 
problem result with the signal levels encoun¬ 
tered in most amateur bands. Trying to use a 
sensitive preamplifier with a kilowatt trans¬ 
mitter operating a few block away, however, 
is quite another problem, 

the 2N2360 transistor 

The heart of ihe preamplifier is the Sprague 
2N236G, This transistor has been proved in 


fig. 2. Layout of the broadband preamp. 



figure on any band from 80 through 6 meters. 
Ihe gain will vary from about 15 to 25 dB or 
higher if tuned instead of broadband input 
and output circuits are used. The circuit used 
here requires a minimum of parts, and the 
entire preamplifier can he constructed for the 
cost of the 2N2360 alone if a "junk-box” 
selection is available. 

circuit 

The complete preamplifier circuit is shown 
in fig. 1* The basic circuit uses a grounded- 
emitter configuration. The input is double 
series tuned, A series capacitor matches the 
low impedance of a coaxial line. The secon¬ 
dary side is similarly tuned to match the 
2N2360 input. As shown in fig, 1, the input 
circuit tunes to the high-frequency end of the 
band, and the secondary circuit tunes to the 
low-frequency end (the opposite condition 
could just as well be used). 

Circuit resonance is easily checked with a 
grid-dip meter or a signal generator and re¬ 
ceiver, Variable capacitors may be used ini¬ 
tially to determine the necessary values and 
later replaced by fixed capacitors. These ca¬ 
pacitors should have a good Q. Dipped silver 
micas (CDF type CD6 or similar) are recom- 
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mended. Disc ceramics designed for bypass¬ 
ing should not be used, because their low Q 
will result in a loss of gain and selectivity. 

The bias conditions, determined by the 
two 820-ohm and 4.7k-ohm resistors, were 
chosen as the best compromise between gain 
and noise figure. The 4.7k-ohm resistor can 
be varied if you want to experiment with the 
circuit or provide a manual gain control. 

The parasitic choke in the 2N2360 collector 
lead prevents amplifier instabilty. The output 
circuit impedance is about 200 ohms and 
works quite well with simple capacitive 
coupling to the output coaxial line. If a more 
exact match is desired, a link of 2 or 3 turns 
can be used over the output coil. The output 
coil is resonated in the center of a band by 
using a grid-dip meter and adjusting the coil 
dimensions. 

No loading resistor is used for operation on 
80 through 15 meters and the phone portion 
of 10 meters. A loading resistor of about 1000 
ohms is needed for complete 10- or 6-meter 
coverage. The only power required is from 
9 to 12 volts. A battery, a simple rectifier 
circuit off the heater line in a tube-type re¬ 
ceiver or any other well-filtered source may 
be used. Required current is less than 10 mA. 

construction 

A small Vector board is the handiest base 
for construction. With care, the preamplifier 
can be built to occupy about 1 inch by IV 2 
inch, which is small enough to fit into any 
receiver or transceiver. A suggested com¬ 
ponent arrangement is shown in fig. 2. This 
layout should be followed fairly closely, with 
particular care given to the separation and 
orientation of the coils to prevent inter¬ 
coupling and oscillation. Normally, no in¬ 
stability or oscillation should exist. If this 
does occur, however, a shield across the 
middle of the 2N2360, connected to the case 
lead of the transistor, will solve the problem. 

No special precautions are necessary if the 
preamplifier is installed inside an equipment 
enclosure, except that the ground connection 
should be as short and as direct as possible. 
If the preamplifier is used in a separate box 
(such as a minibox) as a mast-mounted unit, 
a 1-mH rf choke should be installed from 
the Input coaxial line center conductor to 


ground. This will prevent any high static 
voltage on an antenna from damaging the 
2N2360. 

The component layout of the completed 
universal high-gain transistor preamplifier is 
shown in fig. 2. (Note particularly that the 
output coil is mounted vertically to prevent 
coupling to the other inductors). The con¬ 
struction shown may not deserve any kudos 
for neatness, but it does illustrate the ease 
with which the preamplifier components can 
be assembled. 

in summary 

Considering ease of construction and cost 
versus performance, the 2N2360 preamplifier 
circuit is certainly one of the best. It should 
be possible for the average amateur to build 
this preamplifier in one evening for any 
selected band with the aid of only a grid-dip 
oscillator. The improvement in performance 
that this preamplifier provides when used 
with most receivers and transceivers, parti¬ 
cularly on 15 through 6 meters, is truly 
amazing. 

1 have presented only the simplest con¬ 
structional use of the 2N2360 transistor pre¬ 
amplifier. Many variations are possible for 
those who would like to construct a more 
elaborate unit. Discrete tuning of the ampli¬ 
fier instead of the broadband operation, for 
instance, will increase receiver gain some¬ 
what and improve image rejection. When 
used as a tuned amplifier, the input circuit 
series capacitor is omitted, and the series 
capacitor in the input circuit secondary is 
variable. The primary circuit serves, then, as 
a simple coupling link. The output coil can 
be either broadbanded or tuned by a variable 
capacitor. 

If you want to construct a multiband pre¬ 
amplifier, there is no reason why the input 
and output circuits cannot be bandswitched. 
Provision should be made for disabling the 
preamplifier, if possible. Although it would 
fake an unusually strong signal to overload 
the preamplifier, it is worthwhile to be able 
to determine positively, when signal distor¬ 
tion does occur, whether the preamplifier or 
another part of the receiving system is at 
fault. 

ham radio 
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THE STATE of the ART 



It will transceive . .. it's compact and light 

,, , AND *..30 minutes with SIGNAL/ 
ONE'S DELUXE INTEGRATED STATION 
WILL MAKE YOU FORGET ALL ABOUT 
THE GOOD OLD DAYS including yester¬ 
day ... 

NOW YOU CAN HAVE 

YOUR DREAM RECEIVER .., with 

■ spectacular skirt selectivity and ultimate 
rejection from two cascaded crystal lattice 
filters ... ■ ELECTRONIC IF SHIFT* to 

exploit those razor-sharp skirts and slice 
away QRM . .. b dual-gate MOSFET front 
end for superb sensitivity and overload 
resistance . ,, m variable-threshold pre-IF 
blanking to wipe out noise before it can do 
its dirty work ... »true "second receiver" 
convenience built in—CONTINUOUSLY 
VARIABLE CHANNEL MIXING* makes it 
handier than a separate extra receiver. . . 



power amplifier is easily adjusted to com 
pen sate for mismatch, too—and is conduc¬ 
tion-cooled for rugged dependability * . . 

■ true CW break-in keying ... ■ no 

compromise transceive convenience for the 
serious CW man with SIGNAL/ONE's new 
VARIABLE TRANSMITTER OFFSET 
system plus instant "spotting" off, near, or 
dead-on your receive frequency . . . 

AND BOTH OF THEM 
m cover all of 10 through 160 meters in 
full megahertz bands, continuously display¬ 
ing frequency directly to 100 Hertz absolute 
accuracy... Bare integrated behind a 
single, sleek front panel... human engi¬ 
neered to provide the ultimate in operating 
pleasure, f Write for a detailed brochure) 

BUT NOBODY'S PERFECT . . . 

. . . you still need a mike and key, an 
antenna and a power outlet! 


AND THE TRANSMITTER delivers 

■ clean, crisp SSB with the penetrating 
talk power that only RF clipping can pro¬ 
vide . . . gmore than 150 watts of contin¬ 
uous output into a matched load without 
tune-up—yet the high’linearity broadband 


Performance *. . Convenience *. . Quality ... 



A Division of ECI (An NCR Subsidiary) 


2200 Anvil Street N. * St. Petersburg, Florida 33710 
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TOP OF THE YAESU 


LINE 


THE FT dx 400 TRANSCEIVER 


Conservatively rated at 500 watts PEP on all bands 
80 through 10 the FT dx 400 combines high 
power with the hottest receiving section of any 
transceiver available today. In a few short months 
the Yaesu FT dx 400 has become the pace setter 
in the amateur field, 

FEATURES: Built-in power supply * Built-in VOX 
* Built-in dual calibrators (25 and 100 KHz) * Built-in 
Clarifier (off set tuning) * Ail crystals furnished 80 
through the complete 10 meter band * Provision 
for 4 crystal-controlled channels within the ama¬ 
teur bands ■ Provision for 3 additional receive 
bands * Break-in CW with sidetone * Automatic 
dual acting noise limiter - and a sharp 2,3 KHz 
Crystal lattice filter with an optimum SSB shape 
factor of 1,66 to L 

Design features include double conversion system 
for both transmit and receive functions resulting 
in, drift free operation, high sensitivity and image 
rejection • Switch selected metering * The FT dx 400 
utilizes 18 tubes and 42 silicon semi-conductors in 
hybrid circuits designed to optimize the natural 
advantages of both tubes and transistors * Plane¬ 
tary gear tuning dial cover 500 KHz in 1 KHz 
increments * Glass-epoxy circuit boards - Final 
amplifier uses the popular 6KD6 tubes. 

This imported desk top transceiver is beautifully 
styled with non-specular chrome front panel, back 
lighted dials, and heavy steel cabinet finished in 
functional blue-gray. The low cost, matching 
SP-400 Speaker is all that is needed to complete 
that professional station look. 


SPECIFICATIONS: Maximum input: 500 W PEP 
SSB. 440 W CW, 125 W AM, Sensitivity: 0.5 uv, 
S/N 20 db. Selectivity: 2.3 KHz (6 db down), 3,7 
KHz <55 db down). Carrier suppression: more than 
40 db down. Sideband suppression: more than 50 
db down at 1 KHz, Frequency range: 3.5 to 4, 7 
to 7.5, 14 to 14.5, 21 to 21.5 t 28 to 30 (mega¬ 
hertz). Frequency stability: Less than 100 Hz drift 
in any 30 minute period after warm up, 

CLARIFIER CONTROL - Does the work 
of an external VFO — allows operator 
to vary receive frequency 10KHZ from 
transmit frequency, or may be used as 
an extra VF0 combining transmit and 
receive functions. 


SELECT CONTROL — Offers option of 
internal or outboard VF0 and crystal 
positions for convenient preset channel 
operation, 

FUNCTION CONTROL—Selects crystal 
calibration marker frequency and da 
sired transmit mode of operation. 






SPECTRONICS BOX 356, LOS ALAMITOS* CALIFORNIA 90720 

— professional equipment for the amateur — 





























fet principles, experiments 
and projects 


Ed Noll, W3FQJ, noted for his previous 
works which include a three volume Mod¬ 
ern Communications Course and hand¬ 
books for radiotelephone license exams, 
has done it again with this excellent and 
complete reference book on FETs. 

This book covers the principles of opera¬ 
tion of the field-effect transistor from the 
very beginning. While it includes chapters 
on theory and math for the engineer, it al¬ 
so explains how FET's work in everyday Ian- 
guage for the experimenter and ham. It al¬ 
so shows applications as ac amplifiers, 
audio amplifiers and oscillators, and high- 
frequency amplifiers, oscillators and com¬ 
munications circuits. The projects are pre¬ 
sented in an unusual way: they start with 
an audio amplifier, continue into detector 
and tuner projects and then combine them 
into one modern FET receiver. 

Other projects include QRP transmitters, 
absorption wavemeters and field-strength 
indicators. All projects include complete 
parts lists and use parts available from al¬ 
most any distributor; the experimenter 
won't be stymied by non-availability of 
needed parts. 

This complete reference publication on 
field-effect transistors is a valuable addi¬ 
tion to the library. $4.95 from your local 
distributor, or write to Howard W. Sams 
and Company, Inc., 4300 West 62nd Street, 
Indianapolis, Indiana 46268. 


RCA 

has all-new 
FCC 

commercial 

license 

training 


Get your license — 
or your money back / 

Now RCA Institutes Home Study Training has the 
FCC License preparation material you’ve been 
looking for—all-new, both the training you need, 
and the up-to-date methods you use at home—at 
your own speed—to train for the license you want! 

2 Convenient Payment Plans —You can pay for les¬ 
sons as you order them, or take advantage of easy 
monthly payment plan. Choose the FCC License 
you’re interested in—third, second or first phone. 
Take the course for the license you choose. If you 
need basic material first, apply for the complete 
License Training Program. 

SPECIAL TO AMATEURS . This course—while de¬ 
signed tor Commercial license qualification — con¬ 
tains much of the new material called for by FCC 
Docket 15928—advanced and extra class you’ll 
want to qualify tor before November of 1969 . QRX 
until you get the information. 

Mail coupon today for full details and a 64-page 
booklet telling you how RCA Institutes Home 
Training can show you the way to a new career— 
higher income—and your FCC License. 
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NOISE BLANKER 

FOR THE SWAN 250 

Westcom Engineering is now offering the TNB 
Noise Blanker In a version specifically designed 
for use with the Swan 250 transceiver. 

The TNB-250 Noise Blanker effectively sup* 
presses noise generated by auto ignitions, 
appliances, power lines, etc,, permitting the 
recovery of weak OX and scatter signals norm* 
ally lost in noise. 

Features include modern solid state design 
techniques utilizing dual-gate MOS FET transis¬ 
tors and two stages of JF noise clipping for the 
efficient removal of impulse noise at the trans¬ 
ceiver IF frequency. The use of MOS FETs and 
a special gain controlled amplifier circuit pro* 
vide excellent cross-modulation characteristics 
in strong signal locations. 



TN8-250 shown Installed on Swan 250 by means 
Qt the prepunched accessory holes- 

TNB-250 $29.95 ppd, 

(Priced well below that of a VOX accessory. 
Can you afford not have one?) 

Model TNB Noise Blanker, designed to operate 
with VHF converters by connecting in the coax 
between converter and receiver. 



Choice of 12 18. 100*140, or 125 160 VDC, RCA 
phono or BNC connectors. Specify for 40* 20, 
or 10 meter converter output. 

Model TNB $29.95 ppd* 


Refer to the New Products column of the 
August '68 issue of Ham Radio Magazine for 
additional information on the TNB Noise 
Blanker or write for technical brochure. 

Prepaid orders shipped postpaid. (For fast Air 
Mail add $.80) COD. orders accepted with 
$5.00 deposit, California residents add sales 
tax. 

All products are warranted for one year and 
offered on a satisfaction guaranteed or return 
basis* 



P. O* Box 1504 San Diego, Cal, 92112 


motorola power transistors 

Motorola has just introduced the first six 
members of a new line of intermediate- 
power transistors. These new devices, in 
plastic packages, will dissipate up lo 8 watts 
with suitable heat sinking. Although the pack¬ 
age is only about the size of a TG-5 transistor, 
it can dissipate approximately 1 watt at an 
ambient temperature of 25° C. 

The npn MPSUOl and pnp MP5U51 are 
complementary transistors designed for use 
in audio amplifiers delivering up to 5 walls 
output. They have high gam and excellent 
current-gam linearity from 1 to 1000 mA. The 
maximum V rKQ rating for these devices is 
30 volts, maximum continuous collet tor cur¬ 
rent is 1.5 amperes, and device dissipation is 
8 walls. 

The npn MPSUQ2 and pnp MPSU52 are in¬ 
tended for general purpose amplifier and 
driver applications. These silicon transistors 
have excellent gain linearity, low saturation 
voltage* minimum i l of 150 MHz, maximum 
V rE0 rating of 40 volts and 6 watts dissipa¬ 
tion. The npn MPSU03 and MP5U04 are 1- 
ampere devices for video output circuits and 
horizontal driver applications in TV sets. The 
collector-to-emitter breakdown voltage rat¬ 
ing is 120 V for the MPSUG3 and 180V for the 
MPSU4; total dissipation at 25° C case tem¬ 
perature is 8 W. 

For more information on these new tran¬ 
sistors, write to the Technical Information 
Center, Motorola Semiconductor Products, 
!nc. r Box 20924 r Phoenix, Arizona 85036 

in-circuit transistor tester 

Amphenol has recently introduced a new 
compact transistor analyzer for checking 
transistors—in or out of a circuit—lhat also 
doubles as a very sensitive dc voltmeter. In 
addition, the unit functions as an accurate 
diode analyzer capable of measuring both 
forward and reverse current. This instrument 
was developed by Amphenol to minimize the 
time and effort required to pinpoint defec¬ 
tive semiconduciors. It can be used for 
troubleshooting all solid-state equipment, in¬ 
cluding receivers, hi-fi systems, TV sets, fm 
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tuners and tape recorders. 

The new Transistor Commander can check 
high- and low-power npn and pnp power 
transistors for m-cirtuil dc-current-gain char¬ 
acteristics, check out-of-circuil devices for 
current gain. and l^^ (> leakage, check 

diodes and rectifiers for in-circuit opens and 
shorts and check out-of-ci rcui I diodes for 
forward and reverse currents. 

The new analyzer contains a current- 
limiting circuit for protection against acci¬ 
dental shorts; this prevents shorted transistors 
and diodes from damaging the instrument 
In addition, simplified meter scales facilitate 
rapid testing, output lest jacks are arranged 
so a quick-test sock el can be easily adapted 
and 'he cabinet is constructed with a tilt leg 
for adjusting the meter to eye level. 

The Transistor Commander provides a dc- 
current-gam range of 7 to 1000 f± 5%), ad¬ 
justable collector current range of 0 to 10 
mA and collector-base leakage and tolled or- 
em itter leakage measurements from 0 to 5 
mA, in diode testing, a 100-mA limit circuit 
protects the diode from damage. The built-in 
100-Vdt meter permits accurate measure- 
men Is with ihe same probes thai are used 
for ihe other checks. 

For more information on the Model 830 
Transistor Commander, write lo the Amph¬ 
enol Distributor Division, Amphenol Cor- 
poration, 2875 S. 25lb Avenue, Broadview. 
Illinois 60153. 

10 watts at 1000 mhz 

Looking for high power sol id stale on the 
uhf bands7 if so, here's a transistor that may 
interest you; the new SI050 from the Elec¬ 
tronic Components Division of United Air¬ 
craft. The SI050 is a silicon npn epitaxial 
planar transistor designed specifically for 
high-power output in dass-C uhf amplifier 
service. It uses an overlay emitter design and 
delivers 10 watts at 1000 MHz with 5-d8 gain 
The stud-mounted package is modi lied for 
optimum performance m high-frequency, 
high-power applications. Price, $200. For 
more informations, write to Electronic Com¬ 
ponents Division of United Aircraft, 1 revose, 
Pennsylvania 19047 



H*M 

RADIO 


FEBRUARY CLEARANCE 
RECONDITIONED HAM GEAR 

RECEIVERS 

CLEGG 

Zeus 2-6 M 185 waits XMTR $319,0 

COLLINS 

75A4 (early Model) RCVR $349.C 

75A4 (late Model) RCVr 450.C 

75S-1 RCVR 295.C 

DRAKE 

2B Q Multiplier * £9.C 

Drake 2B RCVR 179.C 

Drake 2-C RCVR 195T 

GALAXY 

Galaxy I ft 1229 A 

Galaxy V 319.{ 

GONSET 

Gonset Cortim. 11 £M XCVR $119.( 

Comm, til 6M XCVR 99.< 

GSS 100 XMTR 179.1 

HALLICRAFTERS 

SX99 RCVR $ 79.( 

SX95 RCVR 129.1 

SX110 RCVR 99.1 

SX115 RCVR 369.1 

HT 37 XMTR 229,1 

HAMMARLUN0 

HO HOC RCVR $129,1 

HQ 170C RCVR 109.1 

HEATH 

HR-20 RCVR $ 69.1 

MR-1 w/p.s, 39.1 

HW12 B0 meter XCVR 89,1 

JOHNSON 

Thunderbolt 80 10M Linear *?60.< 

Ranger II XMTR 1^9. 

Ranger I 

NATIONAL 

NC173 RCVR $ 79.1 

NCX-5 XCVR 305. 

NCL-2000 Linear 385.1 


SWAN 

SW175 XCVR 75 meters 
Swan 240 (75-40-20) XCVR 
with TCU VFO 
Swart 420 VFO 
400 XCVR 
Swan 350 

all cash orders shipped free 
IN THE 48 STATES 


MISSION NAM 

ELECTRONICS 


3316 Main Street, Riverside 3, California 92501 
Phone 683-0523 (area code 7141 
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That’s right, CW ELECTRONIC SALES, CO. 
is the exclusive distributor for the 



NEW, VHF ASSOCIATES FMT-1 
TWO METER FM TRANSCEIVER 


Using integrated circuits in two IF stages and in the audio power amplifier the 
FMT-1 offers 2 watts nominal RF power output and 0.3 microvolt sensitivity for 
2GDB quieting. 


This all solid state unit has ample power to activate even insensitive repeaters. 
It can operate on any of three independently selected crystal controlled receive 
and transmit channels. Crystals are provided for the national repeater channel 
146.34 — 146.94. 


$ 199.95 


* 

Complete with mobile mount and high quality ceramic mike. 


Extra receiver or transmitter oscillator modules, less crystal $18.95 ea. 

Extra crystals (0.0005% ToL). .* $10.00 ea. 

AC Power Supply (for base station operation) ..$24.95 


The old radio corner for over a quarter century. Come rn and 
pay us a visit or get in touch with one of our staff today. 



ELECTRONIC SALES CO. 

1237 - 16TH ST., DENVER. COLO. 80202 

303/244 — 5523 


JOHN WA0ADV 
WILLARD W0BQO 
GARY WAOKLP 


JOHN wdFU 
MIKE WA0KX8 
JEFF KOUFA/W0LDU 
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SWAN MARK B 

LINEAR AMPLIFIER 

CONSERVATIVE 2000 WATT RE-P. 



SWAN MARK II LINEAR AMPLIFIER 
2000 WATT P E P. 


The new Mark II provides full frequency coverage of the amateur bands from 10 
through 80 meters, and also MARS frequencies. Two Eimac 3-500Z Inodes easily 
provide the full legal power input: 2000 Watts P.E.P* in SSB mode or 1000 Watts 
AM, CW, or RTTY< It may be driven by any transceiver or exciter having between 


100 and 300 watts output. 

Planetary vernier drives on both plate and loading controls provide precise and 
velvet smooth tuning of the amplifier. Greatly reduced blower noise is provided by 
a low RPM t high volume fan. Complete 


with Tubes: 


$395 


MATCHING POWER SUPPLY 


The power supply is a separate matching unit which may be placed beside the Mark 
II amplifier, or with its 4% foot connecting cable, may be placed on the floor. Com¬ 
ponent quality is of the highest caliber. Silicon rectifiers deliver 2500 volts D.C. in 
excess of 1.2 ampere. Computer grade electrolytic filters provide 40 mfd capacity 
for excellent dynamic regulation. A quiet running fan allows continuous operating 
with minimum temperature rise, extending the life and reliability of all components. 

$265 


WE HAVE THE BEST PRICES THAT CAN BE FOUND ANYWHERE 


WEST COAST 

L. A. AMATEUR RADIO SUPPLY 


2302B ARTESIA 

REDONDO BEACH, CALIF. 90278 
213-376-4455 


MIDWEST 

EVANSVILLE 


AMATEUB 

RADIO 

SUPPLY 


1311 N. FULTON AVENUE 
EVANSVILLE, INDIANA 

812-422-4551 


SATISFIED CUSTOMERS ARE OUR BEST ADS 
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TALK POWER 



The AutoLevr! is the ultimate in volume compressors, This unique device provides all ihe talk power 
your transmitter can use. The AutoLevel was designed for use with SSB or AM transmitters, with or without 
ALC capabilii ics. 

The AutoLcvef is not an audio or RF clipper — all compression is attained hy a photo-optical regulator 
which provides H dH*s of compression with a minimum of wave form distortion. 

The AuioTevcl is easily installed in the mike line* and it contains its own power supply; (there*s no 
need to bother with batteries). It can also be used with your phone patch for the utmost in ease of operation. 
When you're ready lor the finest, ask your local dealer for the Autol.evel. 


SPECIFICATIONS 


dB*i compression — 14 dll minimum 
Wove form d istortion — ncglrhle 

Input impedonte — suitable for dynamic or crystal microphone 
Output impede net - 50 K (nominal! 

Power supply — H5 volts AC 

AUTHORIZED DEALERS (listed 


Dimension! - 2-3/4" * 4-11/16** r 6-3/8** 

H W D 

WeightJ* 32 ounces 

Color — Bone White with Black front panel 

Price - 187,50 
alphabetically) 


AMATEUR ELECTRONIC SUPPLY 

4828 W. Fond da Lie Avrnur 
Milwaukee, IVnoumn 33216 
Teh 414 -442-4800 
AM RAO SUPPLY, INC, 

3423 ILittnin Siren 

FtanchuJ, I iiHfamtn 94121 
Tel: t!5- 751 4661 
AM RAD SUPPLY, fNC. 

1025 Hit muni St reel 
Oakland, < (dif uTih* 94607 
Tel: 4 IS- 451-7735 

COLE ELECTRONICS SUPPLY COMPANY 

335 Si m l h Donni'r 
TvH Tmn 75701 
ifiNi LY-4-3545 

COSTDN ELECTRONIC DISTRIBUTORS 

2345 Kerituton Rn.id 
Cmctnnari, Uhk. 45228 
(513 I 481-8555 

ELECTRONIC CENTER. INC. 

107 3rd Air North 

Mirnie,ip>ilti. Mmnn'itn 

Tel IH2-338-5851 

EVANSVILLE AMATEUR RADIO SUPPLY 

la] 1 North Fulton Avr. 

Evviinivilki, lixiiiiru 477JO 

GRAHAM ELECTRONICS SUPPLY, INC. 

122 S. Sfiuli' Avrriur 
] 4n, IndUltn 49225 

Tel: 317 - 634-8488 

HAM RADIO OUTLET 

999 lliiunfii A^criue 
Burilniiiimr, (.'alffomnt 94010 

Tel: -4175 — 312-5757 

THE HAM shack (TekApptience Center, »rw.) 

1066 1 111 I View Slrret 
Sami 1 3 .i, FlomU 33579 
Tel: 813-955-7181 


HENRY RADIO STORE 

931 N. Kuclid 
ATi.ihnin, f.'nfifrtftnn 142801 
Teh 714 - 772-9200 
HENRY RADIO STORE 

11210 Writ Olympic Blvil 
bn America, Crtldomle 90084 
Tell 213- 477-8701 
L. A. AMATEUR RADIO SUPPLY 
2302B Amnia BlvtL 
Rctbmdii Bruch, Cftllfamin 00278 

EO WOORY WHOLESALE RADIO 

&hix 50fi - 
IV Wilt, Arkiinini 
Trl 50] WH fi-2821) 
PIONEER-STANDARD ELECTRONICS, INC, 

5493 Pimped Avenue 
OevrlwMl, Ohio 44103 
Tel 218 - 432-0010 

PIONEER-STANDARD ELECTRONICS, INC. 

SHKI i O ELECTRONIC S DIVISION 
314 LciJ St/eel 
IJ.wltsti. Ohm 45404 
Tel SI 3- 234-0871 
TYD1N0S COMPANY 
933 Liberty Avenue 
Pltbhimjh, Penmv]vania 15222 
H2i 2*1-6640 
universal SERVICE 
1H Ninth Third Street 
f^oluiubui, Ohin 43215 
Tel 81 I 221-2335 

VALLEY HAM SHACK 

410B N 30(h Street 
Phoenix, Athteni* 

Teh MI2 - 055-4850 

WORLD RADIO LABORATORIES 

Hi5 W -it Rmfcdwiiy 
("i iLiru iJ Bluff*. I own 51501 
1712 | 128-1851 


DEALERSHIPS AVAILABLE IN SOME AREAS — WRITE FOR FREE SPECIFICATION SHEET 


RmrfRRck 





emm 


t 


am springhill drive Columbus. Ohio 43221 

TELEPHONE 614 436-7090 
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a complete amateur 

radio station 




A 5 BAND 260 WATT SSB TRANSCEIVER 
WITH BUILT-IN AC AND DC « — 
SUPPLY AND LOUDSPEAKER 


Unwanted sideband suppression is 45 db, carrier 
suppression 60 db r and distortion products are 
down approximately 30 db 

The new Cygnet is designed to provide elfrcient, 
high quatily communications in the 5 most com¬ 
monly used! amaleur bands. Its low cost is a 
tribute lo Swan s welt known techniques in value 
analysis, and simple, direct circuit design Above 
all, these techniques lead to a high degree of 
reliability and foolproof performance. Dimen¬ 
sions are 13" wide, 5V high, and H" deep 
Weight is 24 lbs 

The transceiver comes complete with AC and DO 
input cords, and carrying handle; thus making it 
the most versatile and portable sel on the mar 
ket. and certainly the best possible value 

Amateur net $395 

P S, Yes, lor our customers who require some of The 
extra features then; will be a detune version of the 
Cygnet coming soon, which sell lor approximately 
$43 S 


The new Swan Cygnet is a complete SSB trans¬ 
ceiver, wilh self contained AC and DC power 
supply, microphone and loudspeaker in one port 
able package The Cygnet features full frequency 
coverage of the 10, 15, 20, 40 and 80 meter 
bands with a power input rating of 260 watts 
P.E.P, in single sideband mode, and 180 watts 
CVY input. A crystal lattice I liter at 5500 Kc is 
used in both transmit and receive mode, and 
provides excellent selectivity with a 2 / Kc band 
width at 6 db down. Superior receiver sensitivity 
of better than 3 ; microvolt makes it easy to pull 
in those DX signals, and with the Cygnet, if you 
can hear them, you can work them Audio fidelity 
is in the well known Swan tradition of being 
second to none; providing smooth, natural sound 
mg voice quality The Cygnet is temperature 
compensated on alt bands, featuring solid state 
oscillator circuitry with zener regulation which 
permits wide variation m supply line voltage 
without frequency shift 


ASH THE HAM 
WHO OWHS ONE 


ELECTRONICS 

OCEANSIDE, CALIFORNIA 
A Subsidiary of Cubic Corporation 


























A guide to 


* 


better 



^Hfor 
optimum voice 
power e. clarity 

■ io d& pcr*<?r ttjin 

-jri&Unt aneogj. Limit hh] 

h.ii mofUC rilt-10! t*ur\ 
■ All silicon |o ^d 


*120 

1f*s 


communications ... 


1* 

2, 

3. 

4, 

5, 

6 . 

7. 


A direct reading WATTMETER that measures forward 
and reflected power. 

Increased power and clarity for voice transmission; 
CSP-1I technique. 

Four or eight way POWER DIVIDERS: use in reverse to 
sum signals. 

Improved receiver sensitivity with these RF AMPLIFIERS 
(three packages). 

Ultra-linear, low noise voltage con¬ 
trolled ATTENUATORS, 

Frequency conversion 
with hi-rel BALANCED 
MIXERS. 

Lower 
priced 
miniature 
BROAD' 

BAND 
TRANS¬ 
FORMERS. 


If you're interested in more facts on these exciting new devices send for our packet of detailed data 
sheets ... or contact a COM DEL representative near you! 


CALIFORNIA 

Henry Radio Co. 

Los Angeles 

Ham Radio Outlet 

Burlingame 

CANADA 

Payette Radio Limited 
Montreal 

CONNECTICUT 

Hatry of Hartford 

Hartford 

ILLINOIS 

Allied Radio 

Chicago 



beverly airport 
beverly, mail. 


MASSACHUSETTS 

Herbert Gordon Co- 

Harvard 

NEW HAMPSHIRE 

Evans Radio Jnc. 

Concord 

NEW YORK 

Adirondack Radio Supply 

Amsterdam 

Hirsch Sales Co. 
Williamsvtlle 

OKLAHOMA 

Radio Inc. 

Tulsa 


KANSAS 

Interstate Electronic Supply 
Wichita 


WISCONSIN 

Amateur Electronics Supply 
Milwaukee 


* 















Jim Fisk W1DTY 

editor of Ham Radio 


reviews 
The new 


Radio Communication Handbook 


published by 



''One of the most exciting handbooks I have seen in a long time" 1 

'“This new book covers every aspect of amateur radio commu¬ 
nications and is filled with solid state projects and circuits’" 

“If you're troubled by the lack of semiconductor circuits and 
modern technology, the Radio Communication Handbook is the 
answer; it is the most up to date radio handbook that has crossed 
my desk"' 

832 Pages — Hardcover 

$ 11.95 

Postpaid in 
U. S. A. and Canada 



Box 592 * Amherst, Hew Hampshire 03031 

Comtec also stocks most other R.3,G,B> publications 
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The new SWAN SOO-C 
5 band, 520 Watt 
SSB-AM-CW TRANSCEIVER 

The new Swan 500C offers you 
higher power, improved styling, and 
many new deluxe features, yet main¬ 
tains the same high standards of 
performance, rugged reliability and 
craftsmanship that have become the 
trademark of the Swan Line. Backed 
by a full year warranty and a service 
policy second to none, we feel the 
Swan 500C will establish a new 
standard of value for the industry. 

$520 


SWAN 350-C $420,00 

SWAN 250-C (NEW MODEL) $420.00 


ACCESSORIES 

1I7XC AC/ PS S 105,00 

14-117 DC/PS 100.00 

lAC DC MODULE 1 65.00 

VX-U VOX % 35.00 

lOOKc Xtal CaL f 19.50 


RECONDITIONED USED GEAR 
NINETY DAY GUARANTEE: 

Collins; 30L1 Linear 1375.00 

Drake 2-C (New) $199.95 

SBE-34 1300.00 

HT-46 H*l|icr*flers $225.00 


WANTED: 

WE BUY USED AMATEUR 
AND CB EQUIPMENT FOR CASH) 


LOTS OF GOOD CHOICE GEAR FOR SALE OR 
TRADE — WRITE FOR LATEST LIST. 

IN STOCK FOR IMMEDIATE DELIVERY, GALAXY, 
SWAN, SBE AND DRAKE. 

^LECTRONiCS~~~~"~~~ 

Pho nt Cl W>J*7 

The COMPLETE mam STORE’’ 

927 N W Hi Okljrturrj (.ay QLIahpffli 7110b 

W E FafcF TRADE ESS OS ALt UlCfs i>* \F.\V f(>l JPUM I 

hio-wai sales ■ service . evstau.wwias 


. . . THE BEST 

6 METER 

CONVERTER 


VANGUARD LABS 

Dept, R, 196*23 Jamaica A Hollis, N.Y. 11423 


Radio Amateurs 
Reference Library 
of Maps and Atlas 


WORLD PREFIX MAP - Full color, 40" * , shows 

prefixes on each country , , . DX rone*. time zones, 
cities, cross referenced table* postpaid 11,00 

RADIO AMATEURS GREAT CIRCLE CHART OF THE 
WORLD - from (he canter of the United States! Full 
color, 30" x 25", listing Great Circle bearings m de 
grass for six major U S, cities; Boston, Washington, 
D.C.+ Miami., Seattle, San Francisco A Los Angelea- 

post paid $1.00 

RADIO AMATEURS MAP OF NORTH AMERICA! Full 

color. 30" x 25* — include* Central America and the 
Caribbean to the equator, showing call areas, zone 
boundaries, prefixes and time zone*. FCC frequency 
chart, ply* informative information on each of the 50 
United Statei and other Countries postpaid 11.00 

WORLD ATLAS - Only atlas compiled for radio ama 
teurs Packed with wo rid-wide information - includes 
11 maps, in A colors with rone boundaries and coun¬ 
try prefixes on each map. Also includes a polar pro. 
j cell on map of the world plus a map of the Antarctica 
— a complete set of maps of the world. 20 pages, 
sue x 12* .. . postpaid 12.00 

Complete reference library of maps — set of 4 as listed 

above . postpaid 13,00 

See your favorite dealer or order direct. 


Model 407 


$34.95 


' 

I MP. ‘ 


ppd 


50-52 MHi in, 78-30 MHz out 
Or 52-54 MHz with A second crystal 


A full description nf this fantastic converter 
would fill this page, hut yuti can take pur word 
for it (or those of hundreds of satisfied users) 
that it’s the best., The reason is simple — w? me 
three HCA dual gate MOSFETs, one bipolar, and 
,3 diodes in the best circuit ever. Still not con¬ 
vinced? Then send fur our free cabling and get 
the full description, plus photos and even the 
sc hem at ic. 


Can't wait? Then send ns a postal money- order 
for $34.95 and we'll rush the 407 out hi you. 
NOTE: The Model 407 is also available in any 
frequency combination up to 45(1 MHz (some at 
higher prices} its listed in our catalog. New York 
City and State residents add local sales tax. 


RADIO AMATEUR 




WRITE for 
FREE 

BROCHURE! 


Dept 04844 W. Fullerton Ave. 

Chicago. Ill, 60639 


february 1969 





























something different 

A state-of-the-art magazine written so you can understand it. 


ONE YEAR $5.00 — THREE YEARS $10.00 
(UNTIL FEB. 28, 1969) 


For your sample copy and full details write 


HAM RADIO • Greenville, N. H. 03048 


february 1%9 
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FOR THAT 


radio amateur 


YOU NEEO THE 


Litlen for The hundreds of 
IK-lGOO lincori now on the 
ait and judge for yourmlf. 
Write for free illustrated 
brochure or tend Si .00 for 
technical and instruction 
manual. 


AMPLIFIER 

For $SB, CW, RTTY 

Maxrmun ]«gd input 
Full loading SO-lOM 
Rugged Eimat 3-lOOQZ 
Dependable operation 
Easy to toad and tune 
No flat topping with ALC 
Distinguiihed console 
Ini font transmit 
High efficiency circuit 
Designed for lafety 
Fast band switching 
Real signal impact 

Price .... *795 00 

HEADY TO OPERATE I 




These valuable EXTRA fealures 
included in both editions' 

* (SSL Managers Around the 
World! 

* Census of Radio Amateurs 
throughout the world! 

* Radio Amateurs' License 
Class! 

* World Prefji Map! 

* International Radio 
Amateur Prefixes 


GET YOUR NEW 
ISSUE NOW! 

Over 283.000 QTHs 
in the U.S. edition 

$6.95 

\ Over 135,000 QTHs 
m the DX edition 

$4.95 

See your favorite dealer or 
order direct ladd 25C for 
mailing in U S . Possess runs 
\ Cdnadt! Elsewhere add 

50C). 

• Radio Amateurs' Prefixes 
by Countries! 

• A.R.R.L. Phonetic Alphabet! 

• Where To Huy! 

• Great Circle Searings! 

• international Postal 
Information! 

• Pius much more! 


PUT THE POWER WHERE IT BELONGS 

LET THE VANGUARD Hl-Q BALUN 

PUT IT IN YOUR ANTENNA 

* Fuff legal power 3 to 30 MC 

* Sealed lightning arrester protects your equipment 

* Reduced coax pick-up improves reception, 
reduces interference 

- Reduced coax radiation — helps TV! 

* 1 to 1 impedance ratio 

* Small — lightweight — weatherproof 

* Replaces center insulator 

* Precision machined PVC plastic — coax conector 


NET PPD IN U.S.A. «q q|- 
FULLY GUARANTEED iFiUD 

VANGUARD ENGINEERING 


BOX 513 ■ BRIELLE, NEW JERSEY 08730 


Ml «M*nu, DIVISION 

Haft from Technical Products 

4616 Santa Fa, San Diego, Ca. 92109 


WRITE TOR 

free 

BROCHURE! 



RADIO AMATEUR 


IlDoakiNc 

4344 W Fullerton Ave. 
Chicago, ML 60639 


B2 ra frbruary 1969 


























COMPLETE OUTFIT 


4 -t 

KHktfi 


OUR OWN 
PROFESSIONAL 

STEREO-MONAURAL PHONES 


Professional Approved OUEMENT MODEL MT-2 
Deluxe 20,000 Ohm/Volt VOM 


COMPLETE WtTH LEATHER CASE 

30,000 OHMS VOLT K tO.OM OHMS VOLT AC 


■ Qwnl h^i 

“ W£*J*. 1., ) i lh»<i 

■ til IlKiWi 

* I I'm C*n~l Ml. 


K vMfi * J*!® SWKKXI 

AC Vd^i 

DC ifliJksyjv W 

IPMUHW H Wt r - 4 ft Vk, . V F( 
t>« >»I4 . ■*.. I* 


THOUSAND! or TMFll FINE MITEaS SOLO TO 
HA Ml, tVPFRIMENTlftV OOVEFNMENT AMD 
INGUSTMIAl PLANTS 


$ 13.95 


SHIPPED PREPAID USA 


QPH-I 8 OHMS _ 
OPH-2 600 OHMS 


ADD SI FOR SHIPPING 


rili.ib+'d kail 

Irilhri IIITIHU 


PRODUCT 


r all 

N0VA-TECH 
MODELS 
IN STOCK! 

IR(( 

;iAQ95 


WE 

GIVE 

A 




OUTDOOR 

ANTENNA 

with every 


S.W R. BRIDGE and 
\ flELO STRENGTH METER 

\ 


RECEIVER 


WITH 

r AIL 

intern; 

$ 129 95 


vim 
fi it 
AH 11H Hi 


3jt s i29 95 iu^J: 


J YOUB CHOI Cl tl ,*T 


TOUR CHOICI nw t 


MAT IE tin 

IN IFNI UP 

TO JKM 


vOOOfi TH4DUO* 
fc I utTEIf 


*ALL NOVA-TECH RECEIVERS SHIPPED PREPAID*,. 


Tt4| Mil 
VALUI Wl 

uw 

EVU 

WIMP 1 


OUR MOST COPIED PRODUCT 

"THOUSANDS SOLO" 


JUDSON 

ELECTRIC 

MAGNETO 

REGULAR 49 95, 

AT QUEMfMTS £■ 

750 fe 


Wf OUR 
Wf MODEL 
SWfi-2 
ADD $1 POSTAGE 


;;=£££ ALL-TRANSISTORIZED 
GRID DIP METER 

. Hliktol UmhiHtf 
I - Kmyt Wfl 


SWA 


‘frtHU 1H< 

[MuariM 


S.W.R. BRIDGE 1 


to hog w*m ,WOML 5WB a 

-—- J * rtf AO 5 FONWAftO ANO . 

A* 4 wm A p« BEFLtCTtll POMP ** LU ? WI 

■ 1 l_ SIMULTANEOUS!.* H *Vl 

Alt U * 'EA«r flElD' MEYERS iVH 

II _ I m ||»[ FOP BrKEHLNCE (upriilfll 

u/ I A Vf Iv PO*f« Ml TEH 

■ •□UAL tOQ-MICH0*HP 

METHR MOVEMENT* 

ADD $1 POSTAGE • LOW INSERT lO<N LUit4 

■ ■OE*fl"X£'w 


$15.95 


i>ii 

*miwl U4it.it 

*f|4t !iH 

4 IrfKii In* In 
■ H I hi* I |TIBI 
HR 
<rt* H 

* ill It* flltlH 

|IjriitifI 


& 


$29.95 


f, 0NE OF THE HOT< 
TEST ITEMS WE 
HAVE EVER SOLD T 

ADD $2 POSTAGE 


i 'l / I .44- 


ILM1S Kvlf 

-,.J ■■ ■■ 

oonid o* i ,-m i 0 0 M ■ 3 


NlViR BITCH I 
HAS A NtlCUlOH 
1N1T i OMIJU r ijhE 
THIflHN QFFHID 
AT SUCH A LOW PUCE 


SINCE 1933 


PHONE AREA 406 294*0464 


FAST SERVICE 


QUEkVIENTS 


1000 SOUTH BASCOM AVE, 


SAN JOSE, CALIF* 95128 


NOTICE; CALIFORNIA RESIDENTS INCLUDE 5 PERCENT* SALES TAX 
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NEW FET SIX METER CONVERTER 



I he florizctni \ I Incorporates the latest in solid state VHF techniques. Field-effect transistors are used 
throughout thf J unit to provide excellent protection against overload and cross modulation- 

AH power is provided by a built-in U5 volt AC power supply - (no need to buy extra®}. An additional 
crystal position has been provided to allow the owner the option of expanded frequency coverage* Local 
oscillator output is accessible from the front of the unit for those who desire transceiver operation. 

The low noise figure of the Horizon VI assures the operator of excellent performance when stations are 
weak* 

See your local dealer for a demonstration of the Horizon VI; you’ll be impressed by its exceptional 
performance* 

SPECIFICATIONS 

Freq. range: 50 — 54 MHz; LF* output: 14 — 18 MHz.; Input impedance: 50 ohms; Output impedance! 50 ohms; 
Noli® figure: 3 dB typical; Gain: 15 dB nominal; One 56 MHz crystal installed; Built-In power rupply: 115 volts 
AC; Weight! IS ounces; Dimensionas L-6!4” * W-3^" x 0-2"; Price: S59.95* 


AUTHORIZED DEALERS (listed alphabetically) 


HENRY RADIO STORE 

931 N. Euclid 

An ,(hr iin, <' J1 it" urn La 9 2 SO I 

Tel 714 - 772-9200 


AMATEUR ELECTRONIC SUPPLY 

4S2H VS' Ffiiid du Lee Avrmie 
Mduviiuk^r 1 , VViirurulfi 53210 
Tel 4 H 4 12-4200 
AM RAD SUPPLY. INC- 
3425 R-illwn* Stfrrl 
Sun Frwu nro* i a ti h muin 04121 
Tel: 415 75 L-4861 

AM RAD SUPPLY* INC. 

1025 Hartivm Stn-rl 
Oulkliind, < Altbimi-i 9480? 

Tel: 4 15 4 51*7755 

COLE ELECTRONICS SUPPLY COMPANY 

335 5-mill B*«nnrr 
Tyler, T r%n* 757(11 
■ il41 LY 1-3545 

COSTON ELECTRONIC DISTRIBUTORS 

2 145 Fcrgutnn fined 
!'mi mn.ilL Ohii» 4 523K 

t 513 > 151-5555 

ELECTRONIC CENTER, INC- 

LOT 3rd Avc. Nunh 

Minin ' 't.i 

TH r >12 - 138 - 5*81 

EVANSVILLE AMATEUR RADIO SUPPLY 

III 1 \.irth fulfils Avp 
EvKiuvIllr, Ihdhmi 47710 

GRAHAM ELECTRONICS SUPPLY. INC* 

122 S Si-n4ti- Ai"inir 
I n11i-injin '|i«, Indium 46225 

Tel. 317 W34-H4H0 

HAM RADIO OUTLET 

009 Howard Avepup 
nurUiHMiti^- Cnbhuni* 04810 
Tel: |J5 - 312-5757 

THE HAM SHACK <T*l*App0*nce Center* (nc.) 

1966 JllllvhSW Jitrrri 

S-iiiiimi-i,. Fimridu 33570 
Trl. 813- B53-7J61 


HENRY RADIO STORE 

I 1240 Vt Olym pic Btvd ■ 

Lm Ain't-In, ( alUbmu 00004 
Trl 213 — 477-8701 

1_ A. AMATEUR RADIO SUPPLY 

23028 Artnni Bird 

Rcdnodu lir.uh. { .iliJumifl 0027K 

EO MOORY WHOLESALE RADIO 

Hoi 500- 
De Wilt* 

Trl: SOI - WH 0-2i2tl 
PIONEER-STANDARD ELECTRONICS, INC. 

5403 I'nt'iicd Avt-nut? 
t It-vrhutd, OhKi 4410 ) 

Teh 21H - 432*0010 

PIONEER STANDARD ELECTRONICS* INC- 

SRLPCO ld,K( mOMCS DIVISION 
3 L 4 I j 1 ' j Si reel 
Dayton. Ohio 45401 
Trl 5(3 224-0871 

TYPINGS COMPANY 
033 Liberty Avcinn 1 
PitUhiindi* Pmmyfviima t$222 
1412) 2K1-8640 
UNIVERSAL SERVICE 
114 Kuril Third, Sired 
f oliimlim. Ohm 43215 
Tel: 614 - 221 2)35 
VALLEY HAM SHACK 
4109 S. 39!h Slreet 
Pllnrtm, Aruroni 
Trl Ot>2 - M55-4H50 

WORLD RADIO LABORATORIES 

1415 W-M Bmildw av 
Grinned OlisHi, luwfi 5)501 
712! 328*1851 


DEALERSHIPS AVAILABLE IN SOME AREAS — WRITE FOR FREE SPECIFICATION SHEET 


Rnffenck 


n> 


w 


«*i * t * ‘ ' n * *i .tint 

*- r t tfi-’i*, i * 




2111 SPRINGHILL DRIVE CollimbuS, Ohio 43221 

TELEPHONE 614 / 406-7090 
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■ RATES Commercial Ads 250 per 
word; non-commercial ads 100 per word 
payable in advance. No cash discounts 
or agency commissions allowed. 

■ COPY No special layout or arrange¬ 
ments available. Material should be type* 
written or clearly printed and must in¬ 
clude full name and address. We reserve 
the right to reject unsuitable copy. Ham 
Radio can not check out each advertiser 
and thus cannot be held responsible for 
claims made. Liability for correctness of 
material limited to corrected ad in next 
available issue. Deadline is 15th of 
second preceeding month. 

■ SEND MATERIAL TO: Flea Market, 
Ham Radio, Greenville, N. H. 03048. 



HAMMARLUND SP-600's. All RTTY modifications. Quan¬ 
tity limited at $250.00. Thermal-raye infra-red heaters, 
40". $80 value, $50 each. Send for catalog sheet. 
RF CUSTOM, 253 Bellman Ave., Warwick, R. I. 02889. 


TEST EQUIPMENT WANTED: Any equipment made by 
Hewlett-Packard, Tektronix, General Radio, Stoddart, 
Measurements, Boonton. Also military types with 
URM-( ), USM-( ), TS-( ), SG-( ) and similar nomen¬ 
clatures. Waveguide and coaxial components also 
needed. Please send accurate description of what 
you have to sell and its condition to Tucker Elec¬ 
tronics Company, Box 1050, Garland, TX 75040. 


ORIGINAL EZ-IN DOUBLE HOLDERS display 20 cards 
in plastic, 3 for $1.00, 10 for $3.00 prepaid. Guar¬ 
anteed. Patented. Free sample to dealers. Tepabco, 
John K4NMT, Box 198R, Gallatin, Tennessee 37066. 


FOR SALE: 312B5, cables, connectors, manual; $265. 
30L-1; $375. KWM-2, with Waters Q-Multiplier 516F-2; 
$800. 75A4 # 3481 (with 2.1 and 3.1 kcs filters; $425. 
75A3 (late series) with 75A4 vernier knob, 3.1 and 6.0 
kCs filters; $250. HQ-215 (new in May, ’ 68 ); $375. 

Henry 2K-3 with spare 3-500-Z; $625. T4X, AC-4, MS-4; 
$350. (or trade for SW-500-C and 117XC). 75S-1 

# 11472, 0.5 and 2.1 kcs filters; $275. 32S-1, 

# 10100, 516F-2; $425. 312B-4; $135. HT-32-8, 

HT-33-A; $275.00 each. P & H. “SPITFIRE" linear, 
new, $85. P & H AFC-2 speech processor; $25. 
HW-12-A, HP-23; $150. HW-22A, HP-23; $150. HW-32, 
(factory-reconditioned/modified), HP-23; $135. James 
W. Craig, W1FBG, 29 Sherburne Avenue, Portsmouth, 
N. H. 03801, Phone: 603-436-9062. 


WANTED ANTIQUE RADIOS, Catalogs, tubes, send 
model, price, condition. Farrell, 2252 Dixie, Pontiac, 
Michigan 48055. 


GONSET GSB-6 SIDEWINDER, brand new, sealed 
factory carton, $285; ac supply, $60; dc supply, $50; 
500-watt 913A linear, $245; all new equipment. 
WB2LZD. 607-785-5862. 


TOROIDS: 44&88mby„ center-tapped, unused, 5/$2.00 
POSTPAID. 11/16" reperf tape $3/box. FM-FM-FM 
TRANSCEIVERS Motorola P33- 5 watt and H23 Pack- 
sets with Ni-Cads, complete. Write. Eico 720 Trans¬ 
mitter, Excellent $40. Johnson 6N2 and matching 
VFO $100. Teletype model 32 and 28ASR equipment, 
write. "AZL" two meter converter with P.S. $25. 
Dow-Key relay $10. Gonset GC-105 two meter com¬ 
municator $85. WANTED: Drake 2B&2BQ. Model 
14TD gears (80165-80166). RTTY & FM gear. Re¬ 
ceiver (HQ180, NC-300, SX101A etc.) Stamp for list. 
Van W 2 DLT, 302H Passaic, Stirling, N. J. 07980. 


DAYTON Hamvention April 26, 1969: Sponsored by 
Dayton Amateur Radio Association for the 18th year. 
Technical sessions, exhibits and hidden transmitter 
hunt. An interesting ladies program for XYL. For 
information watch ads or write Dayton Hamvention; 
Dept. H, Box 44, Dayton, Ohio 45401. 


COLLINS 75S-3B RECEIVER for sale. Clean, excellent 
operating condition. $450.00. W1DHZ, Box 185, 
Amherst, N. H. 603-673-4885. 


HAM-AUCTION, Feb. 16, 14th Annual by Toledo Mobile 
Radio Ass’n, at the Lucas County Recreation Center, 
2901 Key St., Maumee, O. $1.00 Registration, open 
table sales, map and further info, write Ron W 8 STA, 
1939 Cone, Toledo, O. 43606. 

NEW ELECTRONICS PROJECT BOOKS! Fifty 1C 
Projects, $3.95 — 101 Ham Radio Projects, $3.95 
— 49 Transistor Projects, $1.75 — 104 Transistor 
Projects, $3.95 — 101 Audio Projects, $3.25 — 101 CB 
Projects, $3.25 — 101 Test Instrument Projects, 

$ 3.95 — “The VHF Amateur" (VHF techniques plus 
33 easy projects), $4.50. Postpaid. Brown, W9HBF, 
5611 Middaugh Ave., Downers Grove, Hi. 60515 


COLLINS: 51J-4 w/3kc filter, excellent condition, $700; 
KW-1 transmitter, excellent condition but needs bias 
transformer available from Collins for $53, $700. 

Shipping paid. Paul Reid, 405 4th Place, Merritt 
Island, Florida 32952. 


BRASS SHEET, new, 0.051" thickness. Perfect for 
VHF chassis. Any size 6 cents per square inch. John 
Reddick, K 6 RBB, 2529 W. Alpine, Stockton, CA, 95204. 


FANTASTIC — 1969 New England ARRL Convention 
May 24 & 25, Swampscott, Massachusetts. Save 

money! Early bird registration $10 including Saturday 
dinner, dance and night club entertainment. Be a 
winner! Every major manufacturer will exhibit plus 
top speakers from science & industry. Tickets: W1KCO, 
John McCormick, Berkeley Street, Taunton, Mass, 


HEATH HR-10 Receiver with calibrator — $60.00; 
Central Electronics 20-A S.S.B. Transmitter — $75.00; 
Elmac A-54-H Transmitter — $20.00. Good Condition, 
Good Novice Equipment. Or make offer. WA9UUQ, 
1909 Syrcle Drive, Danville, Illinois 61832. 


PAIR of unused 4CX250B's $20.00, pair of unused 
4X150A's $14.00. Unused PL-172 $80.00. Wanted; 
Drake 2B and 2NT, Will trade Lab. test equipment or 
Ham equipment. W2YSF. 


AVAILABLE NOW — Mainline TT/L-2 with — without 
scope indicator — ST-3 solid state terminal unit & 
other terminal units — filters — accessories. J-J 
Electronics, Communications Specialist, Canterbury, 
Connecticut 06331. 


SELLING Johnson 275-watt Matchbox, $40, nice shape. 
Cushcraft 6 -meter 6 -element beam, $15 (you pick up). 
Waters model 384 dummy load, like new, $50. 115 

Vac variable transformer, 26 amps, just what you 
need for that new linear, unused, $ 20 . 6 -meter linear 
amplifier, Knight T-175, 300 watts PEP ssb, 150 watts 
CW, requires less than 10 watts drive, built-in power 
supply, may be used on a-m, like new $85. Cavity 
oscillator with tubes, tunes from 300 to 3000 MHz, 
nationally advertised at $80 as "gold-plated" oscil¬ 
lator, excellent condition, $20. Wanted, January and 
March 1961 issues of 73 magazine to complete 
collection. W1DTY, Box 25, Rindge, N. H. 03461, 
603-899-2860. 


HALUCRAFTERS HT-37. $210. Good condition, clean, 
no rust spots, and low mileage. Bob Koepke W9IHI, 
334 Oriole Lane, Madison, Wise. 53704. 
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Most-Technically Perfected, Finest Communication 
Arrays in the Wof Id ! Precision Tuned Matched 
and "Baiun ' 1 Fed for * Balanced Pattern ‘ to assure 
"TOP MAN ON THE FREQUENCY^ Results 


LOW PRICE 
QUALITY, 
COAXIAL 
SWITCHES. 


I both i twin itvir Cr ttnight h*nd k*y 
in n pnreiltt* 2 4 *l!gn. 

I giv*■ imidnt cholic* of iiftomitic 
itmUntomitit Cr ihiijhi hand keying. 

* urn dirtaly with *ny IriAimlHtr Of 
through AD lUctronii lityir, 

* 6 Amp. gold diHui*d *Ilv«r contact* 

idjuit from O-.O&O" Cr 5-50 grimt. 

* dittinriiri b)uv piddltt ir* of 
ruggtd G-IO fibirglin tpsuy. 

* ctbiAft it lb 9«u<]# poliihtd tbreiB# 

■ I-9J’ *q. a 3.7V* poddlAt 

fxttfid 1 . 25 ", wtlfbt ippr I pound. 

^ fiEicon* rubber tool Fpr liability. 

* 100 i US midi dr guinntiid for I yr . 

James Research compar 
n schermerhorn st.,bro 


Don't pay for the 5th and 6th position. The aver* 
age HAM rarely uses more than 4! 

SPECIFICATIONS: Silvered Contacts Write-on ERASABLE 
escutcheon plate AVAILABLE EITHER 4 PST (COAX-4) OR 
LINEAR (COAX-LINEAR} IN OUT VERSION Handles 1000 W 
AM or 2000 W SS 8 Insulw lost negligible to 160 Me. 
VSWR Less than 12 at 150 Me Sue ZW* dla i I*/*" overall 
Single hole mount SPECIFY MODEL $7 65 «a 


I UVj wmplftt, 

* ' Ppd iri«A»n. 
Hnct fl ch*ck or m.o. 
told by mall only 

,dep'f:HR- K 
dyn n.y. 11201 


HEY THERE! 
YOU WITH GEAR 
IN YOUR SHACK! 


COAXIAL LIGHTNING 
ARRESTORS 

Zero power loss No increase m 
SWft a! 160 Me. Does noi attenuate flL ' 
ugnal*. Modal 210 for 1000 W (AM) pL- 
or 2000 W (S$B) Model 211 Elec I 
tronic static arreator for 50 W (AM) 

or 100 W (SSB). 50-239 UHE type fitlmga. Other fating* 
available Size approx 3*/i" * J A ,f cm #210 S3 15 ea #211 
M 65 ea. SPECIFY model # 

PRICES above are amateur net. Shipped ppd in USA Send 
Check Of M O. {N J ADD 3V. Safe* Tai) 

OTHER PRODUCTS: Feed thru capacitor* Tuned none 
filter* Alternator, generator, low-pan and field filler* SEND 
FOR CATALOG. 

' COMMUNICATION ENGINEERED" 

By "HAMMIE" RICHAR0T—WIWIV 


Don't clutter up your home with ell that stuff! 
Better to clutter up our warehouse — and get 
paid m the bargain! Don't waste lime asking 
us for prices. Tell us exactly what you want 
for your Gen. Radio, H P, Tektronix, ARC, GRC + 
TED. PRC. VRC, ARN, URR T APN and Other 
military/commercial gear. Call or write today! 


WILL PAY HI, UNREASONABLE, 
FANTASTIC PRICE FOR NAVY 10 
W. AUDIO AMPLIFIER * , t in cast 
aluminum cabinet Urgently need 
Models AM 215A, — B, — C, — 
D/U. What have U? 


COLUMBIA ELECTRONICS, Dept. H 

4365 W- Pico Blvd,, Los Angeles, Calif. 30019 
Phone; (213) 93B-3731 Cable: COLECTRON 


ELECTRONIC APPLICATIONS CO 

ROUTE *S, Rin« Bfook, N. J 07CM 


Beamed-Power”ANTENNA$ “BALUNS 
LV. KITS and ROTATOR SYSTEMS! 


Enjov World renown TELREX performance, value 
and durability! Send for PL68 tech, data and 
pricing catalog, describing professional \\ engineered 
communication antenna systems, rotator-seUyn*indj- 
l ateir-systems, "Baiuns ', TV Kits. Towers, "Mono- 
Pole", "Bii'-Berthas", anrssorits, etc. etc. 


Comm v nfcatio n 


COMMUNICATION 


Engineering 


with a MATERIAL DIFFERENCE! 


L SYSTEMS 
\ SINCE 1921 


Laboratories 


Use, is one of the most dependably 
testimonials of endorsement. ancf Telrex 
products are in use in 139 Lands 


ASOUftY PARK, NEW JERSEY 077|2 t U S A 
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TELEGRAPH KEY STAPLER 


HANDSOME REPRODUCTION OF ANTIQUE TELEGRAPH KEY 

THIS MORSE CODE TELEGRAPH KEY CLEVERLY FUNCTIONS AS A STAPLER, 
BOST1TCH STAPLING MECHANISM. THE RHEOSTAT IS A STAPLE REMOVER, 
ANTIQUE GOLD FINISH ON BUCK METAL WITH CHINESE RED VELVET BASE. 
6y z X 3Y 2 . IDEAL FOR AN ORIGINAL GIFT FOR THE OFFICE OR THE SHACK, 


PLEASE SEND . TELEGRAPH KEV STAPLERS AT *10.59 

PLUS 80c POSTAGE* ENCLOSED CHECK FOR .. 

NAME...... . CALL...*_ 


STREET 
CITY,__ 


STATE. ZIP 


BUILT TO LAST 

$10.59 + SOc POSTAGE 

10 DAYS MONEY BACK GUARANTEE 
SORRY NO C.O.D, 


HUGO II. U(H 




210 POST STREET • SUITE 915 
SAN FRANCISCO CALIFORNIA 94106 
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LAST 

CHANCE! 


Have you been meaning to subscribe 
for some time now, but never quite 
got around to it? Welf t here is your 
last chance to subscribe at our 
current rates* 


ONE YEAR 
THREE YEARS 


$ 5*00 
$ 10*00 


Name 


■ Bra raa m a i -* • 


Call 

.irn- ia CJ I I 




Address 


City f*4Hff*a* «*" *■» ■■ ' ■« r r 1 t- ■ ■ ■ re-1 »■-- d Zip 


We have kept our rates below the 
others as long as we could; but our 
costs are also rising, and we will 
have to announce a modest sub- 
scription increase effective March 
1, 1969* 

If you are already a subscriber you 
may also extend your present sub* , 
scription at these old rates, but 
again we must receive your order 
by February 28, 1969* 

Sign up today — then you won't forget. 

HAM RADIO MAGAZINE 

GREENVILLE, N. H. 03048 


★ 


. . . THE BEST 

2 METER 

CONVERTER 


Model 407 

$34. 

ppd. 


144-146 MHi In. 26-30 MKz out 
or 146-14B MHz with ■ second crystal 

A full description of this fantastic converter 
would fill this page* but y^u can take our word 
for it (or those of hundreds of satisfied users) 
that it*s the best. The reason is simple — we use 
three RCA dual gate MOSFET*, one bipolar, and 
3 diExlcs in the best circuit ever, Stilf not con¬ 
vinced? Then send for our free catalog and get 
ihe full description, plus photos and even the 
schematic. 

Can’t wait? Then send us a postal money order 
for $34.95 and we‘Il rush the 407 out to you, 
NOTE; The Model 407 is also available in any 
frequency combination up to 450 MHz (some at 
higher prices ) as listed in our catalog. New York 
City and State residents add local sales tax, 

VANGUARD LABS 

Dept R, 196-23 Jamaica Av«.» Hof lit, N,Y* 11423 




NOMINATIONS REQUESTED FOR THE 
1969 OUTSTANDING NEW ENGLAND 
AMATEUR RADIO OPERATOR AWARD 


This award is known as the John Mansfield Memorial 
Award and it wilt be presented to the winner at the 
banquet of the New England ARRL Convention on 
May 24, 1969, 

Again this year, the Federation of Eastern Mass. 
Amateur Radio Associations wilJ present a cash award 
and a handsome plaque to a ham in the first call 
district who has met one or more of the following 
qualifications; 

1 , Performed a meritorious public service to his com¬ 
munity through the medium of amateur radio; 

2- Made a major contribution to the science of 
amateur radio; 

3, Helped greatly to stimulate interest in amateur 
radio in others; 

4. Aided other radio amateurs to acquire a greater 
knowledge and skill in operating amateur radio 
equipment. 

Send complete information on your nominee to Eli 
IMannis W1HKG* Chairman Awards Committee, 37 
Lowell Street* Malden, Massachusetts 02148* 

All nominations must be in before April 21* 1969. 
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in W3KT 
FORWARD YOUR 
DX QSLS 


flom tb# thousands of satisfied hams who have 
V beert using thrs service for the past seven 
years During 1967 alone, over 200,000 QSLs 
were forwarded to DX stations This is a DELUXE 
service, insuring prompt and continuous mailings, 
and involving a minimum of effOf 1 on your part. 

^ust fill in your QSLs and send them to W3KT. 
f You don't have to address the cards, or indi* 
cate the Q$L manager, or send any SASEs Where 
a DX station uses a stateside QSL manager, your 
card witl be sent to him with an SASE, and the 
reply will come bach to W3KT, who will send it to 
your call area QSL bureau Other QSLs will be sent 
to the proper QSl Bureau, or, if necessary, direct, 

^pemember, your QSL is a personal message, 
^ Therefore W3KT sends it by FIRST CLASS MAIL 
only. 

7 he charge Four cents per QSL, 30 cards per 
dollar, NO MEMBERSHIP FEE, 

SAVE TIME! SAVE MONEY! 

W3KT QSL SERVICE 

RD 1, ViMoy Hill Road Maivarn, Pannt. 19355 


KEEP UP TO 
DATE ON 
YOUR DXING 


A weekly magazine (16 to 24 pages each 
week. 

Current OX that's on the air, and info about 
what's planned for the immediate future. 
What's being heard by the boys. Etc, 

FULL DX INFO EVERY WEEK, 

Per year—Surface mail (they say most 
1st class mail actually goes via air) $11.00 

The OXERS Magazine, (W4BPD) 
Route 1, Sox 161-A, 

Cordova, $.C. 29039 


MOTOR KITS 

FOR THE HAND WINDERS 
FITS ANY CRANK UP TOWER 
COMPLETE WITH WATERPROOF MOTOR 

$199.95 

Without Motor SI29.95 

HYGAfN — MOSLEY — |MFW TRONtCS 
TRISTAO — MYLAR ROPE — TIMES COAX 

Writ# for latest catalog 

ANTENNA MART 

BOX 7. RIPPET, IOWA 50235 
Telephone 2279 


SURPLUS EQUIPMENT WANTED TO BUY BY 
THE FASTEST GUN IN THE EAST 

No honing t round. w* pcy last ... in 2* 
Tlf ft hflxjrj end h »y m«■ W* II iwlp ot 

f£ff C-Xfr trade new equipment loo , , , W* quote Ini 
too W* ilvo pet lot shipping, tnuntntt, etc. 
IjuVU 1 You cell flit, now. colled, for foit quote 

SPACE ELECTRON ICS 
tfk. of HIUTAitr CLECTftOMlCS coaf\ 

n Suoim,! Aw . Pj tenon, ft. j Q74Q7, 1201 ) 791.5050 


25KC HARKS! 

Locate New Sub-Bandi 

Accurately! Four wires connect K-3 Divider fo your 100KC calibrator 1o 
give 25KC marks. Circuit board I Li" x l 1 ^". Specify supply voltage 
— 3-300DC 10 mo. (Lowest is best,) Send lor IC-3, $7.25 postpaid. 


PAXITR0NIX INC. BOX 1038 (D) Boulder, Cola. 80302 


ALL-BAND ANTENNA CONNECTOR 

HYE-QUE t wuM-mI runner lor lien 
eyelfri fur " ruring outrun* i*lrrmtnin, 

kl'B'vy i I [IfnT ] ■' HI ■> I Hits PUVI Dlltl- 

I - niilur tur irnlliiiH. awl He [mini tor 

** iii■ ■ iiu .1 ^uptrorl Hriji ni|i iiroterii 

cnimniui KeUtforreit U ymir iL«il- 
mF rf % it r fjj.tjs poitpd fcwnpeiiUm in. 

Hjiirnfs Z lor U9c nod. inslmUmu 

r mH Lilted. 

BUDWIG MEG. CO. f p.G. Boi 97H. ftamoni. Cold. 92065 


SKYLANE QUADS 

Are Now 

GUARANTEED 

to perform better than 
a flattop beam of 
equivalent number of elements, 
or your money refunded. 

30 DAY FREE TRfAL OFFER 


SKYLANE PRODUCTS 


406 Bern Air Ave, 


Temple Terrace. Fla. 33617 


CQ de W2KUW 

BEST OFFER!! 


Piid .... . ,, -, for my pitta of lircraff or ground 

radio unin, also tout tpuipmant A FI Type* of tubn 
Particularly looking for 4-J3Q * 4<400 ■ B33A « 304U 
i 4CX1000A < 4CX50D0A *t tl, m * 31X * J90A 
. ARM * GAM * G«C * UPM * UAlSA . UfM unin, 
^ TID QAME1 CO HO Hickory §t„ Arlington, N I, 07033 
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STOP WASTING YOUR SIGNAL! 
RfMiH.fi ER, YOUR ANTENNA 
IS THE MOST IMPORTANT 
PIECE OF GEAR YOU OWN. 

* No Radiation from Coax 

* No C«nt*r Initiator Niedvd 

* Perfect for inverted V##i 

[U*« Hang up Hook} 

* Built-in Lightning arrailer 

* Broad Band 3 to 40 Me. 

* Takes Legal Power Limit 

* Two Mod#l»: 

I ■ T 50 ohm coax to 50 ohm 

balanced 

4:1 75 ohm coox to 300 ohm 
balanced 

* A mutt for Inverted Vm 
DoubleIt, Quad*. Yagii and 
Multiple Dipole i. 

$12.95 "“g* 


W2AU Complete pretuned fiberglai Quad 
W2AU Complete pretuned Vinyl Quad. 

UNAOILLA RADIATION PRODUCTS 
Una child. New York 13849 


e mi!t> m ludiblt ton* to mo niter 
the RF of any C W Irani matter from 
fOMw to I Kw O- lOOKc to 1000Me, 
uiifif only an S' p'tckup intann*. 

I can be t«If-triggored for code 
practice or the tooting of pel id 
itate components end circuit*. 

I aids in tuning up €r toiting HF 
oscillator end power circuit*. 

■ A trani>itor h 2 diode circuit. 
apeekor h tone tdjtilt, AA poncell, 
test leads, 5' ant., Cr magnetic be** 
e cobinot i> 16 gauge block O' clear 
onodieed aluminum, 3.4 » 3.3 e 1.2' 
US made £r guaranteed for I year, 

James Research come 

II schermerhorn $t,b 


A 7j camp lot*, 

I “t ppd via A can. 
tend a check or m.a 
iold by malt only 


Beware . . . of the Drea ded SHREW 

linear amplifier 

• 200 watt PEP. fcunnv. 

- 25-54 MHz. I ^ f 

• 2-20 watts drive. -I J 

$89 95 

Matching AC Powttr Supply * . $39.9 

DC-2 12 Volt Supply .... $44.9! 

Write for complete details A FREE SHREW Patch 

q Communication* Division 

GAUTHIER INDUSTRIES 

P. O. Sox 216 
Lynwood, California 90262 

Dealer Inquiries Invited 


ffarfui.il MttrMtNintt an* imam ft* 

Ha.ir mi All UrNrv Sh-ckt Hi.» mitt 

niL*h*«*i Mahai Wotlfl *-tft T Wat! 

Hfdplion liioufi Ci1"'[i : irtr 

milh % II li onpn IrPMlhhr 1 .he*I*hI .fiRinapil Hap* fo 
l«n,i,utt* I irtmt.klF-. antennal vMtt tjellfi 

HUHtt 20.30 t.andi Cumplrlr 30? II *19*15 tU ? 

rt t*il |or *^lil W>dr st»r)t| I*tvr PKtplWiJ III 95 5a 
ith*. and |.ijf ijo-iln.jn IuIjAl* COO plui im i»n 

pt|-\lp#nl ij*.1. h * r * tlornplal* inittueiietn-i ifir I 

ttCSlfAK CLECTBONICS Oapl D 


WE PAY CASH FOR TUBES 

LEWISPAUl ELECTRONICS INC. 
303 W. Crescent Avenue 
Allendale, New Jersey 07401 


LIBERTY PAYS MORE!! 

writ BUY FOR CASH — AU TYPES 
£ Itch on Tubm Smuconduac!'^ Tttl Equipment 

Military Elfttronic Equipment 

Wirt* write, phon# collett! We pay freight. on all purchase! 1 

LIBERTY ELECTRONICS. INC. 

548 Broadway, New York, N r Y, 10012 
Phone; 212/925-6000 


BAND TRAP ANTENNA 


"IMPORTANT NOTICE — doctor's orders, store 
hours Mon., Wed., Fri. and Sat. 9:30 a.m. to 
2:30 p.m. If you wish to visit at other times, 
please advise in advance, by mail, or call 
312 SU 44426" 

JENNINGS VACUUM VARIABLE. Close-out, Iasi 6 

UCS-300 — 10 to 300 pr. 15 to 7 Vi 

KV f with motor drive. NEW. $35.00 ea. 

MORE MEIERS 

0-50 ua — 3'/? w square, wide view, 
by SfMPSON for MOTOROLA. 

Scale tn RF watts, for use an base 
station, directional coupler. New. 

4 for $25,00 $ 6.50 ea, 

0-50 ua — 2Vi n square, SIMPSON, 

wide view plastic. 4/$21.DO $ 5,50 ea. 

0-1 me — 2 Vj n square, wide view 
plastic, HOYT, for KNIGHT T 150. 

With internal 5000 ohm resistor. 

Black figures, white background, 
scales: 0-10 MAj G-5Q0 MA, oulput 
010- BRAND NEW. 4/$ 10.00 $ 2,75 ex. 


2.75 ex. 


MORE VARIABLE CAPACITORS 

All are MC type, with dual Vi" shafts, {can 
be coupled), one with threaded bushing, for 
one hole mounting: double bearing: double 
ceramic end plates 1 % fi long, V '? wide. 
*/■** thick, excepl ** 

Dual, 25 to 60 pf/sec, split stator, 

2 KV. 5'/*" x 2 fl x 1" 2 LBS, 

4/56,50 $ 1.75 ca. 

12 to 100 pf. 2 KV, 5 V * lf x 2« x VK 

2 LBS, 4/$4.75 $ 1.50 e*. 

10 to 37 pf* 2 KV.* Single bearing 

A end plate. Slotted short shaft ,79 ea, 

15 to 250 pf, i KV, straight line 

freq. 3V*" x 2» x 1", 1 LB 

4/55.50 5 1-50 ea, 
B to 50 pf* 1 KV, Strt line freq. 

2V? ,r x 2" x 1», I LB 4/54.75 5 1-25 ex. 

5 to 20 pf* 1 KV. 3 plate; 7 Vs " x 

2" x I", 1 LB, 4/53.00 .79 ea. 

Dual, 5 to 27 pf/sec- split stator* 

3 KV.* Has }% N square ceramic 
end plates. 5V£" x \W* x 1 W* 

2 LSS 4/510.00 $ 2.75 ea. 

Save your loot. 1 11 have a WAGON LOAD of 
JUNQUE' at the WHEATON, ILL, swapfest, 
Sunday, Feb. 16. 1969. INDOORS, WARM. 

Du Page County Fair Grounds. 

B C Electronics 

Telephone 312 CAlumet 5-2235 
2333 S. Michigan Ave. Chicago, Illinois 60616 
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E-Z WAY 

TOWERS 


Enjoy the convenience and 
safety of the genuine origins! 
E-Z Way Crankup Tittover 
Tower! The tower is easily 
raised, retracted, set at any 
height by one man*.* and 
tilts to horizontal position. 
More are in use than any other 
kind * *. write and find out why!. 


FOR THE NAME OFYOUIK 

NEAREST DEALER, WRITE 


¥2 


?. O. Box 17196 / SZoductS, Inc. 
TAMPA, FLORIDA 33613 


CALLE MXil MUM 431 
M£R[DAh VLiC,. MEX. 


2 Element 

QUAD 


PRODUCTOS 


w E pay HIGHEST 

PRICES FOR ELECTRON 
TUBES AND SEMICONDUCTORS 

H & L ASSOCIATES 

ELIZABETHPORT INDUSTRIAL PARK 
ELIZABETH, NEW JERSEY 07ZQG 
(201) 3514200 


TELL YOUR 
FRIENDS 
ABOUT . . 


ham 

radio 


f TEKRAD Mark V 

’ ANTENNA SYSTEM $ 32 50 


TAX & POSTAGE 
PAID! 


CHARACTERISTICS: 


* SO through 10 meters 

* Essentially constant feed impedance 

* Bata nerd system for high efficiency 

* Balanced 450 ohm feed 

* Very light, mini mum wind resistance 

* Omnidirectional 


Large aperture 

Wide angle of radiation 
tor constant hi level signals 

A matching device is required - 
50 ohm unbalanced to 
450 ohm balanced 


The Tekrad Mark V Antenna system is ready 
for delivery in completely assembled units, 
ready to hang up with supporting cords and 
transmission line attached 


EKRAD, INC. 


JOGA QUAD ip fEttti at t KW AM 3 KW 
p f P SSB wuh cpi amyla fr*d Lnt enjoy miu 
otun toward gam and vary low SWfi m toll band 
wid|h rt'a oaay lo a Baa mbit and >tinti wir»0a up 

lo 100 MPH it's hghiwpigthi w-rh only m 4 6 boctn 
l*ngtfi etochura f** Hjriih*r in-tomiation ■ Frpp to 
yOur aakimg 


Eliminate “walking" and 
increase your sending 
speed. „/ c-R 


Key Kit 

for Electronic 
Keyer* 


I *S lowans odd 3% 

/ sales tax 

/ With the new C-R Key Kit 
you con increase your effi¬ 
ciency by eliminating unwanted 
"walking”, increase your signal strength and 
enjoy continuous, trouble-free sending. The Key 
comes In reody-to-ossemble kit form requiring 
only the simplest hand tools tor assembly. Parts 
include: heavy steel base with rubber feet, 
finished in umber gray metallic *— large silver 
contacts — black bakelite knob and paddle —- 
other parts are nickel plated bress. 

O refer nowl Shipped ELECTRIC SPECIALTY 
postpaid in U.S, A. M F G. COMPANY 
Check or money order. P. O. Box 645 


$ 13.95 


Check or money order. 
No COD's please. 


Cedar Rapids, IA 52406 














/^DIODES^ X 

EVERY DIODE WE SELL IS CURVE 
TRACED ON A SPECIAL TESTER, THIS 
TESTER DRIVES 2 AMPS AVERAGE CUR 
RENT THROUGH THE UNIT IN THE FOR¬ 
WARD DIRECTION WHILE THE REVERSE 
LEAKAGE IS MEASURED. (25 MICRO- 
AMPS), THE OPERATOR EXAMINES THE 
CURRENT-VOLTAGE PLOT OF EACH 
DIODE ON AN OSCILLOSCOPE SCREEN. 
WE FULLY GUARANTEE EVERY UNIT 
SOLD OR YOUR MONEY REFUNDED. 


50 

100 

200 

400 

600 

800 

1000 


M. WEINSCHENKER K3DPJ 

PO BOX 353 
IRWIN, PA, 15642 


LARGEST SELECTION in United States 

AT LOWES T PRICES — 48 hr, delivery 

« Thousands of frequencies in 

stock. Types include HC6/U, HC- 
IB/U, FT-341. FT-243, FT 171. etc. 
SEND IQ? for catalog with 
oscillator circuits. Refunded on 
first order. 

PDVCTMC 2400H Crystal Drive 

ufllvIAlv Ft, Myers, Florida 33901 


TOP* HAT 

EPOXY 

EPOXY 

STUD- 

MOUNT 

1.5 AMP 

1.5 AMP 

3 AMP 

6 AMP 

,04 

.06 

,12 

, 15 

,06 

.08 

.16 

.20 

.08 

.10 

.20 

.25 

.12 

.14 

.28 

.50 

.14 

.16 

.32 

.58 

,17 

.20 

.40 

.65 

,20 

.24 

.48 

.75 


CRYSTALS 


You can be sure with Barry * * , 

Fair dealing since 1938 

Send lists of your unused TUBES, 
Receivers, Semi-Conductors, 

Vac, Variables, Test Equipment, etc. 

No Quantity too Small. 

No Quantity too Large, 

Wnte or Call now . , , BARRY, W2LNI 

BARRY ELECTRONICS 

512 BROADWAY * NEW YORK, N. Y. 10012 
212 WA 5-7000 


SURPLUS WANTED 

EQUIPMENT WITH PREFIXES ARA, ARC, ARM. 
ARN h APA, ASN. ASA. APN, APR, ARR, ASQ. 
GRR, GRC. GRM, GPM, VRC, UPX, URA, URR. 
URM. USM, UPM, 5G, MD, PRM. PSM. PRC, 
TMQ, TRM, TED, SPA, SRT, CU. COMMERCIAL 
EQUIPMENT BY ARC, BIRD, BO0NTON, BENDlX, 
COLLINS. MEASUREMENTS, HP, NARDA, GR, 
SPERRY, ETC. 

TOP CASH DOLLAR PAID OR TRADE 

WE STOCK NEW HAM GEAR 

WRITE - WIRE - PHONE (813) 7224843 
BILL SLEP. W4FHY 


,'IU 'tdiifH hlUNMI 13! H (lL£t*10N H«»T* UlU 

■P«uNf *!|. Ui 


Rllli urrtm.P -mj ft,. 2-H.l ro AM 9 tub* 1 <.. w-n t *... u n | » 

»n»ti Mining ^raiiri |hk hju hwdi p»i 4 runimu iih*p . 

Comnumi NEW 27 M 

*22 c^rtimand MIJ la 16 "J ht - 1R *-nqB 1 litn.r,,-. K tKtl 

gUrt OR 17.95 

#2 3 / A St -5 CiniirUJi'id rt,r 'C & pr] E “>■ i 440 hi hat d-*' * Teih 

<141*. OR'iJ 14.SS 

n 191: rtftnjn N 391 .. !>,..( Urn, & t ht. A me. U 5 to 17 m* 

pjri% £ 4 m > Rr*i3ir ^ hw * t i*** sphr 4 EKHafc 525 DO 

AN M H 4 limit iH I ' ms wli HW 1 unit C'.‘ . bJ •• l. 

■If* * ten* 146 * ((iiiwfrtf-ll fO fr' ift *Hn n|«* ui hit tin '3 

1 -a* */IhuI 275 00 

61 Nfftif |OU Pin 4lH tnl, b*4.ni »■» iRfrrmiat.on P*.f 

poitpa-d 5.30 

1*M 14 ilMrttf l?5 .-G mt * WI mattftfd c^-b £ Urn!* d4Ea 

|Q0% OR 57. 

T4 13J *r*g irmlrr .‘Ti 4HQ >i. L ■* ^ar| to IXll 1*eri gill 

iOO % OK 169 

SP'HO IX r» tmnilwW rffhJiliD'i 44 44 HI 325. 


WANTED GOOD LAB TES T EQUlPMt Ml 4 Mil COMMUNIC 


WE PfloeRBLV M*vr rnl nttr invintort or good mb test rouiPMi NT in 
mi countr r. aur plia4» &o noi as* ™ catal «■ *4k roH 4Picinc 
iTfMs ow rinds or nr ms iou Nt.r 0 1 wr also Bur- what do rou mu* 



INTERESTED IN SERIOUS WORK ABOVE 50 MHz? 

You should read 
VHF COMMUNICATIONS 

It brings you — sixty pages of tech- 
nical articles in each quarterly issue. 
Applications of the latest techniques. 
Advanced designs using printed circuits 
and solid state technology. 

Typical topics? VHF & UHF single side¬ 
band receivers and transmitters, anten¬ 
nas, converters, transverters and test 
equipment. Complete schematic diagrams, 
component requirements, construction de¬ 
tails and performance data. 

VHF COMMUNICATIONS is the English 
language edition of UKW BERICHTE, the 
German VHF Magazine, since 1962 re¬ 
garded in Europe as the most authori¬ 
tative in the held of amateur VHF. Try 
a subscription for a year, you'll like it! 

Calendar year subscription U.S.A. and Canada 

$3.00 (US) 

VHF COMMUNICATIONS 

P, CL BOX 87 

TOPSFIELD. MASSACHUSETTS 01983 

Other countries: UKW Berithle, 6520 Erlangen, 
Gleiwitzer Strafe 45, West Germany 
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60 WATT TRANSISTORS 80 VOLTS 

From computer assemblies* board with 4 each 
power transistors 2M1137B* 60 watt, 80 volt 
PNP power. $1.25 per board 


Manufacturer's name withheld, but you will 
find it marked on every unit* Manufactured 
to Fairchild 900 RTL Series, All first grade, 
Spec sheets included. A really amazing buy. 
Never previously offered by anyone at these 
ridiculous prices. 

$1.00 each or $10.00 dozen 


Buffer 

Dual Input Gate ... 

JK Flip Flop 
Dual JK Flip Flop .. 

Dual 2-Input Gate, 

Dual Expander 
Dual 2-Input Gate Expander 
Quad 2-Input Expander 


900 

2-903 

923 

2-923 

1-914. 1 '925 
925 
2-925 


SUPER VALUE $2.50 

Computer boards with 8 each 2N1137B power 
transistors and mounting hardware, also in* 
elude on the board, 4 each 10 volt zeners, 4 
silicon diodes 1 amp 800 volt PIV, computer 
grade cap 2000 mfd 65 voft Bourns trimpots, 
precision reststors, etc. Complete assembly 
like new Ship wgt 3 lb. $2.50 


RF FILTER 

From HAWK MISSILE termination contract. 
Good for 5 amps, 600 volt, 10 cycles to 500 
me, insertion loss 60 DB-plus, low pass pi* 
network type, excellent as feed-thru filter in 
converters, transmitters. Hermetically sealed 
inside are 2 toroidal chokes and 4 low induct, 
caps, *41102 $1,00 each, 6 for $5,00 

PISTON CAPS 

Corning glass, direct traverse type, mm. Q at 
max. 0—500 at 50MC. 500 volt breakdown. 
Capacitance range 18 uufd. Brand new mili¬ 
tary surplus 3 for $1,00 or $3.00 per doz. 


$10 TRANSISTOR IGNITION $10 


Complete electronic 2 tranvtslor dual ignition system 
Tor cars, truckv Fully wired harness, dutil 

pnmaiy cod, in&tanl changeover from transistor to 
convention,! I or bdcJi Neg. ground. 6 Or 12 volt 
system. Complete v^ith instructions, ready la install 
Original puce now onJy 110 00 postpaid 


FAIRCHILD 

711 Duaf Comp. Amp. 2.00 ea, 12/20.00 
926 JK Flip Flop, 

hi speed 923 (20MHz) 1,50 ea, 12/15.00 

910 Dual 2-Input NOR 1.50 ea. 12/15.00 


1C GRAB BAG $2.00 DOZEN 

Mixture of one dozen units, some marked, un¬ 
tested. 10 pages of RTL & DTL specs to aid in 
identifying. All configurations, TO 5, TOSS, 
Flat-Pack. Dual Inline. At this price you can't 
lose, 12 for $2,00 

VARACTOR SIMILAR TO MA4060A 

Good for 40 watts at 432 MC, ea, tested in cir¬ 
cuit, w/diagram for 432 MC tnpler. $5.00 ea. 

Note from Meshna: 

You have only yourself to blame if you are proemsti- 
Hiding on scndmit for our 84 page catalog of super- 
stupcmJons bargain*, the iholce of tin* surplus market, 
all hand picked by Mt^hna hisself. VVilh todays 
shrink iu£ ■ 1 ■ ■ 11 . 11 , yon want nil your shrunken buck will 
buy. We have n helluva fob of keeping up with catoltijt 
requests now. But we want our mailing dept, tu keep 
sweating and we want you to have an opportunity of 
selecting the choicest bargains you ever found in the 
surplus market. Send 25f for our Infest catalog #89-1 
now iri preparation. The you send does not cover 

costs but does show a sincere interest on your pint. 
As soon as 69-i is printed, you'll get one. 


JOHN MESHNA JR. 

19 AUERTON ST,, LYNN, MASS. 01904 


JOHN MESHNA JR. 

19 ALLERTON ST., LYNN, MASS. 01904 


V 


COMPUTER GRADE CAPS 

4,000 mfd at 50 volt $1.00 ea., 12 for $10.00 
6.500 mfd at 18 volt .. $1.00 ea., 12 for $10.00 


FACTORY NEW 

INTEGRATED CIRCUITS 
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DX-ARRAY 


NEW 20 ELEMENT 



144 mhz 220 mhz 432 mhz 

A breakthrough in VHF/UHF Amateur antennasl 
The new Cush Craft DX-Arrays combine the best 
yagi and colinear features into the World's most 
advanced amateur communication antennas. 
Realizing that the antenna is the most important 
part of your station, Cush Craft engineers have 
devoted two years of intensive development and 
testing to perfect DX-Array. DX-Arrays have al¬ 
ready established new records in Dx-ing and moon- 
bounce programs. 

Whatever your interest may be, ragchewing, con¬ 
tests, DX, or moonbounce, get in on the excitement 
of VHF hamming today with DX-Array. 

DX-120-144 mhz $29.50 

DX-220 — 220 mhz 22.50 

DX-420 - 432 mhz 17.50 


See your local distributor or write for complete 
specifications on these exciting new antennas from 
the world's leading manufacturer of UHF/VHF 
Communication Antennas. 
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The GT-500 by GALAXY 

Based on the proven Galaxy J Mk 3 design . . . the GT-550 comes on stage with an 
entirety new look, \nd under this beautiful new exterior Galaxy has packed 550 
watts . . . the highest powered unit in Us field. Henry Radio, always the first with 
the best , is proud to introduce this fine piece of equipment along with an equally 
fine tine of accessories. 

Come on in, look (hem over. Or write or phone. lie'll send you detailed 
specifications. 


GT-550, 550 watt transceiver $449,00 

AC-400, AC Power Supply, 110/230 VAC, includes cables $ 89,95 

G-1QG0, DC Power Supply, 12/14 VDC, Neg. Ground $125.00 

RV-550, Standard Remote VFO provides dual frequency 

control for GT-550 only $ 75.00 

R F*55Q, 3000/400 watt Wattmeter/Antenna Selector 

(Available after April 1) $ 69,00 

SC-550, Standard Speaker Console, 5x7 speaker S ohm, 

(AC-400 will mount inside} $ 19:95 


Henry Radio has a great antenna package program . .. big savings. Write for literature. 

EASY FINANCING * 10% DOWN OR TRADE-IN DOWN * NO FINANCE CHARGE IF 

PAID IN 90 DAYS * GOOD RECONDITIONED APPARATUS * Nearly all makes & models. 
Our reconditioned equipment carries a 15 day trial, 90 day warranty and may be traded back 
within 90 days for full credit toward the purchase of NEW equipment. Write for bulletin. 

TED HENRY (W6UOUJ BOB HENRY ( W0ARA } WALT HENRY ( W6NRV ) 



call Di&ecr . . , use age* coos 


Butler, Missouri 64730 816 679 3127 

11240 W. Olympic, Las Angeles, Calif. 90064 213 477 6701 

931 N. Euclid, Anaheim, Calif , 92801 714 772 9200 


“World's largest Distributor of Amateur Radio Equipment " 
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WANT MORE FOR YOUR MONEY?- 

Then latch on to one of these FB Hallicrafters HT 46 transmitters before 
they're alf soldi 

At our special price slash you're getting top performance and unbeatable 
value — a bargain you can't afford to pass up. Rush your order in, now. 


"Set > i&anni46H' 


W2AVA 


ON BRAND NEW 


ha//icrafters 

famous HT-46 
5 band transmitters 


Plenty sold at $395,00 Amateur Net 

SPECIAL! 

While our supply lasts 

ONLY $250. 

Complete, with full factory warranty 


• 180 Watts PEP SSB • 140 Watts CW • Selectable Sideband 

• Internal AC Supply • Plug in VOX ($44.95 extra) * “Transceive 1 ’ input 



PREFER A TRANSCEIVER? 

THE NEW 

\> og| ha/Zicraffers 

SR400 CYCLONE 

is the biggest bargain around! 

WITH THESE PLUS FEATURES: 

■ Receiver incremental tuning 
notch filter - 400 watt SSB 

CW filter - I kHz readout 
* 60 db carrier suppression 

ENJOY YOURS 
NOW FROM 


HEADQUARTERS 
for all 

ha/Iicrafters 
FINE EQUIPMENT 


Noise blanker * Built-in 
360 watt CW * 200 cycle 

* ,3 microvolt sensitivity 


Here you can save with 
safety, because we'll top 
any ’ deal"! Shop around 
first then see us last. 

^PROMPT ORDER DEPT 


"DUAL RECEIVE” VFO 

Plug in the HA-20. and split transmit/ 
receive frequencies. A "must” for DX 
and X Band operation’ 


We carefully pack and ship ham 
gear, accessories and parts to 
most any part of the world. 

Address your orders to; 

22 SMITH STREET 
Farmingdale. N.Y. 11735 

Hejst? frtciurje jmuip cottsst |p*uf jj 
handing: coil with jjq.j 

OS, PHONE YOUR OROfRS TO 
1212) BA 7 7922 OR (5J6* 293 799Q 


<V> 

Harrison 

C *" “HAM HEADQU 


HEADQUARTERS, USA"*"' 


NEW YORK CITY I JAMAICA, L. I. I FARMINGDALE, L. I. 

8 Barclay St. I 139-20 Hillside Ave. I Route 110 at Smith St. 

(212) BArclay 77922 I REpublic 9-4101 I (516)293-7995 
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MALLORY ■ R ME - ELMAC - EfM AC * CLEGG COLLINS - COMPEL - AMECQ ■ GONSET * EICO - YAESU ■ WATERS - SIMPSON ■ MlLLEN - RACAL 


HALLIC RAFTERS * HAMMARLUNO - DRAKE - DAVCO ■ COE ' MIDDLETOWN ‘ POLYPHASE ■ SWAN 
REGIN At R • UNADILLA * NUMECHRON - ROPAT ■ WABER * JONES MICROMATCH * 0ELDEN 

HAM RADIO ■ CQ 



WHAT'S 

The above picture illustrates nur un 
conventional business location Some 
people may call it .1 boutique or salon 
We prefer to think of it as merely the 
office But inside this rather mode si 
structure «s the largest (tongue in cheek) 
h im radio business m New England, and 
possibly in Hus country Three floors, 
comprising almost 5000 square feet, are 
filled to the brim with an hinds of 
goodies that gladden the ham's heart 
On the mam floor you will find displayed 
literally hundreds upon hundreds oil 
pieces of ham equipment both eon 
temporary and old. On the top floor 
more of The same and in addition gnhs 
and gobs of lest equipment, In the 
basement we have shipping and rece*v 
mg. and a substantial inventory of the 
Mods ol components that the ham is 
especially looking for In addition to 
the conventional and obviously required 
accessories. ,vn have and will likely cori 
tmue to stock the odd ball pieces, as 
for example, a surplus component or a 
part specially made tor a particular set 

Wo have a beautifully equipped serv 
ico department, stalled by Bill THeenn 
ger WRPFY, Gay Wosler K7CXW, and 
jack RoSielfo K]KNQ These boys know 
(heir ham radio and can be depended 


IN HERE 

upon for prompt Service day or night 

The antenna farm that we have is 
second to npne. including 4 towers. 44 
antennas, and a coa* matrix which per¬ 
mits us to demonstrate any gear of 
your choice, Most New England hams 
have been here. But many of you 
Ihioughout the rest of fhe rounfiy con 
hnue 10 think of our company as pn 
manly the place where you can get the 
Reginair Quad Most of the fellows 
don't know that ham radio is out only 
business and that we are the largest, 
besl stocked plat e north id Nuw York 
or east of Chicago. If you would like 
Straight advice, soundly delivered, f ive 
us i chance to solve your problems arid 
to provide you with equipment Study 
the list of names whose products we 
sell listed around the perimeter of lies 
ad. ff you would like to meet with the 
gang, or just browse, make ihe trip to 
Harvard and see us soon With modern 
highways coming to within .1 mile of our 
door, you can get here from any point 
in New England m 3 or 4 hours. Wo 
are open on weekdays from 8:30 a rri 
until 4:00 p m and again from 7 Of) p m 
until 10:00 p m , Saturday until 5 00 
P rrt „ and Sunday by appointment 


HERBERT W. GORDON COMPANY 


Harvard, Massachusetts 0145 I • Telephone 617 — 456 — 3 548 


rr Helping Htfirts to Help Themselves” 

WEBSTER s ARRL 

NEW TRONICS * RAYTRACK * THOR-DARSEN - STANCOR - TRIPLETT * PHALO * MOHAWK 
TEXAS * SAVORY - JAN - SHURE ■ ASTATIC * TURNER * GALAXY - JOHNSON B ^ W ■ NATIONAL 


HUMPHREY ■ V1BROPLEX - BROWN BROTHERS ‘ DOW-KEY - SUPEREX - TRIMM - MOSLEY J HY-GAIN 1 HI-PAR - CUSHCRAFT * PALOMAR ■ SDE 




If your interest in ham radio has only recently 
developed you already know by now that there are 
hundreds of brands of equipment from which to 
choose, some costly . . , some not too costly. 
For years, Ameco equipment has appealed to the 
beginner because of its modest cost, yet with 
engineering and manufacturing quality you would 
expect to find in really expensive gear. Read about 
our At I Wave Receiver and Novice Transmitter 
below, then write for our new Ameco catalog to get 
complete specifications on these and other mod 
erately priced items. 

Model R-5 
Allwave 
Receiver 



An exceptionally fine receiver for the short wave 
listener and beginning amateur operator. Fully 
transistorized solid state. Covers .54 Me through 
54,0 Me in five continuous bands. Includes stan 
dard broadcast band, all foreign broadcast bands, 
all amateur bands from 160 through 6 meters, all 
27 Me CB channels, all 2 way radio frequencies 
from 30 to 50 Me including many police and fire 
departments. Controls include Beat Frequency 
Oscillator. Noise Limiter. Bartdspread. Compare 
with tube type units costing as much! 

Easy-to-buifd kit $69.95 

Wired and tested $89,95 


Model AC-1 
Novice CW 
Transmitter 
Kit 



The ideal kit for the beginner who requires a reii 
able TV1 suppressed transmitter. Keying is clean 
and chirp free. Crystal controlled, PI network Out 
put Circuit Includes AC Power Supply, For 40 and 
80 meters, CW, Fifteen watts input. Kit is simple to 
build and easy to operate. 

Kit with coil for any 1 band, including tubes S23.95 


Extra coil kit for any 1 band, CK 1 1 oo 


Ameco Books and Records 


Ralrn Amateur Theory Course 1 Giv-s sufficient inteimsHiftn lo pass 
»m? FCC enams lor Use Novice Technician General and Conditional 
Classes of Amateur Licenses The Ameco Theory Coots* is Ihe 
shorten pall, lo calling a ham ticket 

No. 102-01, Oner 300 pages 13.95 

Radio Amateur License Guide a sludy guide tor Illiosa preparing tor 
the Novice Technician Conditional anti General Classes ai Amateur 
licenses Coniams over 200 questions and answers. 

No, 5 01,32 pages SO* 


Ma teruig the Mciise Critic Teaches the beginner ho* Id learn Ihe 
International Morse Code 

No, 6 01, 32 pages SO* 

Ameco Jr Code Course Fastest, simplest war *0 learn code Con 
lams 10 lessons and one I?" record in I lie 33 rpm series, Sample 
TOC-type e»ams included 

Complete Jr. Code Course (100 series} $3.95 



Division of Aerotron, Inc. 

P. O. Box 6527 Raleigh, North Carolina 27608 












